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Sumttarv of t he Invention 

[0018] The invention provides improved apparatus 
for performing peritoneal dialysis, as set out in Claim 1. 
{001 9] The apparatus moves liquid through a pump s 
chamber that is operated in response to pneumatic 
pressure variations applied by a pump actuator on a 
diaphragm. The apparatus periodically measures air 
pressures in the actuator and an associated reference 
air chamber and derive from these a measurement of 10 
liquid volume moved through the pump chamber. The 
apparatus minimizes derivation errors by compensating 
for temperature differences among the pump chamber; 
the pump actuator; and the reference chamber. 
[0020] The invention uses a cassette incorporating is 
a pumping mechanism and inlet patient and drainage 
ports. The cassette, reference chamber and pressure 
actuator are exposed to the same temperature condi- 
tions in an operating station, preferably by being 
mounted as close to each other as possible. 20 
[0021] WO-A-90/13795 discloses apparatus for 
measuring flow of liquid in a cassette having a pumping 
chamber through which liquid is pumped by a pressure 
actuator acting on a diaphragm. The liquid may be a 
chemotherapy drug which is pumped for parenteral infu- 25 
sion to a patient. Measurement is carried out using a 
reference chamber. 

[0022] Other features and advantages of the inven- 
tions are set forth in the following specification and 
attached drawings. 30 

Brief Description of the Drawings 

[0023] 

35 

Fig. 1 is a perspective view an automated perito- 
neal dialysis system that embodies the features of 
the invention, with the associated disposable liquid 
delivery set ready for use with the associated 
cycler; ao 
Fig. 2 is a perspective view of the cycler associated 
with the system shown in Fig. 1, out of association 
with the disposable liquid delivery set; 
Fig. 3 is a perspective view of the disposable liquid 
delivery set and attached cassette that are associ- 45 
ated with the system shown in Fig. 1 ; 
Figs. 4 and 5 are perspective views of the organizer 
that is associated with the set shown in Fig. 3 in the 
process of being mounted on the cycler; 
Figs. 6 and 7 are perspective views of loading the so 
disposable cassette attached to the set shown in 
Fig. 3 into the cycler for use; 
Fig. 8 is an exploded perspective view of one side 
of the cassette attached to the disposable set 
shown in Fig. 3; 55 
Fig. 8A is a plan view of the one side of the cassette 
6hown in Fig. 8, showing the liquid paths within the 
cassette; 



Fig. 8B is a plan view of the other side of the cas- 
sette 6hown in Fig. 8, showing the pump chambers 
and valve stations within the cassette; 
Fig. 8C is an enlarged side section view of a typical 
cassette valve station shown in Fig. 8B; 
Fig. 9 is perspective view of the cycle shown in Fig. 
2 with its housing removed to show its interior; 
Fig. 10 is an exploded perspective view showing 
the main operating modules housed within the inte- 
rior of the cyder; 

Fig. 1 1 is an enlarged perspective view of the cas- 
sette holder module housed within the cycler; 
Figs. 12A and 12B are exploded views of the cas- 
sette holder module shown in Fig. 1 1 ; 
Rg. 13 is a perspective view of the operative front 
side of the fluid pressure piston housed within the 
cassette module shown in Fig. 1 1 ; 
Rg. 14A is a perspective view of the back side of 
the fluid pressure piston shown in Rg. 13; 
Rg. 14B is a perspective view of an alternative, pre- 
ferred embodiment of a fluid pressure piston that 
can be used with the system shown in Fig. 1 ; 
Rgs. 15A and 15B are top sectional views taken 
generally along line 15A-15A in Rg. 11. showing 
the interaction between the pressure plate assem- 
bly and the fluid pressure piston within the module 
shown in Rg. 11. with Fig. 15A showing the pres- 
sure plate holding the piston in an at rest position 
and Rg. 15B showing the pressure plate holding 
the piston in an operative position against the cas- 
sette; 

Rgs. 16A and 16B are side sectional view of the 

operation of the occluder assembly housed within 

the module shown in Rg. 1 1 . with Rg. 16A showing 

the occluder assembly in a position allowing liquid 

flow and Rg. 1 6B showing the occluder assentoly in 

a position blocking liquid flow; 

Rg. 17 is a perspective view of the fluid pressure 

manifold nodule housed within the cycler; 

Rg. 18 is an exploded perspective view of interior of 

the fluid pressure manifold module shown in Rg. 

17; 

Rg. 19 is an exploded perspective view of the man- 
ifold assembly housed within the module shown in 
Rg. 18; 

Rg. 20 is a plan view of the interior of the base plate 
of the manifold assembly shown in Rg. 19, showing 
the paired air ports and air conduction pathways 
formed therein; 

Rg. 21 is a plan view of the outside of the base 

plate of the manifold assembly shown in Rg. 19, 

also showing the paired air ports; 

Rg. 22 is an exploded perspective view of the 

attachment of a pneumatic valve on the outside of 

the base plate of the manifold assembly shown in 

Rg. 19. in registry over a pair of air ports; 

Rg. 23 is a schematic view of the pressure supply 

system associated with the air regulation system 
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that' the manifold assembly shown in Fig. 19 
defines; 

Fig. 24 is a schematic view of the entire air regula- 
tion system that the manifold assembly shown in 
Fig. 19 defines; 5 
Fig. 25 is a flow chart showing the operation of the 
main menu and ultrafiltration review interfaces that 
the controller for the cyder shown in Fig. 1 employs; 
Fig. 26 is a flow chart showing the operation of the 
therapy selection interfaces that the controller for 10 
the cycler shown in Fig. 1 employs; 
Fig. 27 is a flow chart showing the operation of the 
set up interfaces that the controller for the cycler 
shown in Fig. 1 employs; 

Fig. 28 is a flow chart showing the operation of the is 
run time interfaces that the controller for the cycler 
shown in Fig. 1 employs; 

Fig. 29 is a flow chart showing the operation of the 
background monitoring that the controller for the 
cycler shown in Fig. 1 employs; 20 
Fig. 30 is a flow chart showing the operation of the 
alarm routines that the controller for the cycler 
shown in Fig. 1 employs; 

Fig. 31 is a flow chart showing the operation of the 
post therapy interfaces that the controller for the 25 
cycler shown in Fig. 1 employs; 
Fig. 32 is a diagrammatic representation of 
sequence of liquid flow through the cassette gov- 
erned by the cycler controller during a typical fill 
phase of an AP D procedure; 30 
Fig. 33 is a diagrammatic representation of 
sequence of liquid flow through the cassette gov- 
erned by the cycler controller during a dwell phase 
(replenish heater bag) of an APD procedure; 
Fig. 34 is a diagrammatic representation of 35 
sequence of liquid flow through the cassette gov- 
erned by the cycler controller during a drain phase 
of an APD procedure; and 
Fig. 35 is a diagrammatic representation of 
sequence of liquid flow through the cassette gov- 40 
erned by the cycler controller during a last dwell of 
an APD procedure. 

[0024] The invention may be embodied in several 
forms without departing from its spirit or essential char- 45 
acteristics. The scope of the invention is defined in the 
appended claims, rather than in the specific description 
preceding them. All embodiments that fall within the 
meaning and range of equivalency of the claims are 
therefore intended to be embraced by the claims. so 

Description of the Preferred Embodiments 

[0025] Fig. 1 shows an automated peritoneal dialy- 
sis system 1 0 that embodies the features of the inven- 65. 
tion. The system 10 includes three principal 
components. These are a liquid supply and delivery set 
12; a cycler 14 that interacts with the delivery set 12 to 



pump liquid through it; and a controller 16 that governs 
the interaction to perform a selected APD procedure. In 
the illustrated and preferred embodiment the cycler and 
controller are located within a common housing 82. 
[0026] The cycler 14 is intended to be a durable 
item capabl of long term, maintenance free use. As 
Fig. 2 shows, the cycler 14 also presents a compact 
footprint, suited for operation upon a table top or other 
relatively small surface normally found in the home. The 
cycler 14 is also lightweight and portable. 
[0027] The set 12 is intended to be a single use. 
disposable item. The user loads the set 12 on the cycler 
14 before beginning each APD therapy session. The 
user removes the set 12 from the cycler 14 upon the 
completing the therapy session and discards it 
[0028] In use (as Fig. 1 shows), the user connects 
the set 12 to his/her indwelling peritoneal catheter 18. 
The user also connects the set 12 to individual bags 20 
containing sterile peritoneal dialysis solution for infu- 
sion. The set 12 also connects to a bag 22 in which the 
dialysis solution is heated to a desired temperature (typ- 
ically to about 37 degrees C) before infusion. 
[0029] The controller 16 paces the cycler 14 
through a prescribed series of fill, dwell, and drain 
cycles typical of an APD procedure. 
[0030] During the fill phase, the cycler 14 infuses 
the heated dialysate through the set 12 and into the 
patienfs peritoneal cavity. Following the dwell phase, 
the cycler 14 institutes a drain phase, during which the 
cycler 14 discharges spent dialysis solution from the 
patienfs peritoneal cavity through the set into a nearby 
drain (not shown). 

[0031] As Fig. 1 shows, the cycler 14 does not 
require hangers for suspending the source solution 
bags 20 at a prescribed head height above it This is 
because the cycler 14 is not a gravity flow system. 
Instead, using quiet, reliable pneumatic pumping action, 
the cycler 14 emulates gravity flow, even when the 
source solution bags 20 lie right alongside it or in any 
other mutual orientation. 

[0032] The cycler 14 can emulate a fixed head 
height during a given procedure. Alternatively, the cycler 
14 can change the head height to either increase or 
decrease the rate of flow during a procedure. The cycler 
1 4 can emulate one or more selected head height differ- 
entials regardless of the actual head height differentia) 
existing between the patient's peritoneal cavity and the 
external liquid sources or destinations. 
[0033] Because the cycler 14 establishes essen- 
tially an artificial head height, it has the flexibility to inter- 
act with and adapt quickly to the particular physiology 
and relative elevation of the patient 
[0034] The compact nature and silent, reliable oper- 
ating characteristics of the cycler 14 make it ideally 
suited for bedside use at horn while the patient is 
asleep. 

[0035] The principal system components will now . 
be individually discussed in greater detail. 
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f L THE DISPOSABLE SET 

[0036] As Fig. 3 best shows, the set 12 includes a 
cassette 24 to which lengths of flexible plastic tubes 
26/28/30/32/34 are attached. 5 
[0037] Fig. 3 shows the disposable liquid supply 
and delivery set 12 before it is readied for use in associ- 
ation with the cycler 14. Fig. 1 shows the disposable set 
12 when readied for use in association with the cycler 
14. 10 
[0038] In use (as Fig. 1 shows), the distal ends of 
the tubes 26 to 34 connect outside the cycler 14 to the 
bags 20 of fresh peritoneal dialysis solution, to the liquid 
heater bag 22, to the patient's indwelling catheter 18, 
and to a drain (not shown). is 
[0039] For this reason, the tube 34 carries a con- 
ventional connector 36 for attachment to the patient's 
indwelling catheter 18. Other tubes 26/30/32 carry con- 
ventional connectors 38 for attachment to bag ports. 
Tube 32 contains a Y-connector 31, creating tubing 20 
branches 32A and 32B, each of which may connect to a 
bag 20. 

[0040] The set 1 2 may contain multiple branches to 
accommodate attachment to multiple bags 20 of dialy- 
sis solution. The tube 28 has a drain connector 39. It 25 
serves to discharge liquid into the external drain (not 
shown). 

[0041] The tubing attached to the set carries an 
inline, manual clamp 40, except the drain tube 28. 
[0042] As Figs. 1 and 3 show, the set 12 also pref- 30 
erably includes a branch connector 54 on the drain tube 
28. The branch connector 54 creates a tubing branch 
28A that carries a connector 55. The connector 55 
attaches to a sating connector on an effluent inspection 
bag (not shown). 35 
[0043] Once attached, the patient can divert a vol- 
ume (about 25 ml) of spent dialysate through branch 
28A into the inspection bag during the first drain cycle. 
The bag allows the patient to inspect for cloudy effluent 
which is an indication of peritonitis. 40 
[0044] As Figs. 6 and 7 show, in use, the cassette 
24 mounts inside a holder 100 in the cycler 14 (see Fig. 
1, too). The details of the holder 100 will be discussed in 
greater detail later. The holder 100 orients the cassette 
24 for use vertically, as Fig. 7 shows. 45 
[0045] As Rgs. 3 to 5 show, the set 12 preferably 
includes an organizer 42 that holds the distal tube ends 
in a neat compact array. This simplifies handling and 
shortens the set up time. 

[0046] The organizer 42 includes a body with a so 
series of slotted holders 44. The slotted holders 44 
receive the distal tube ends with a friction fit 
[0047] . The organizer 42 includes slot 46 that mates 
with a tab 48 carried on outside of the cassette holder 
100. A pin 50 on the outside of the cassette holder 1 00 ss 
also mates with an opening 52 on the organizer 42. 
These attach the organizer 42 and attached tube ends 
to the outside of the cassette holder 100 (as Figs 1 and 



5 show). 

[0048] Once attached, the organizer 42 frees the 
user's hands for making the required connections with 
the other elements of the cycler 14. Having made the 
required connections, the user can remove and discard 
the organizer 42. 

[0049] The cassette 24 serves in association with 
the cycler 14 and the controller 16 to direct liquid flow 
among the multiple liquid sources and destinations that 
a typical APD procedure requires. As will be described 
in greater detail later, the cassette 24 provides central- 
ized valving and pumping functions in carrying out the 
selected APD) therapy. 

[0050] Rgs. 8/8A/8B show the details of the cas- 
sette 24. As Fig. 8 shows, the cassette 24 includes an 
injection molded body having front and back sides 58 
and 60. For the purposes of description, the front side 
58 is the side of the cassette 24 that when the cassette 
24 is mounted in the holder 100, faces away from the 
user. 

[0051] A flexible diaphragm 59 and 61 overlies the 
front side and back sides 58 and 60 of the cassette 24, 
respectively. 

[0052] The cassette 24 is preferably made of a rigid 
medical grade plastic material. The diaphragms 59/61 
are preferably made of flexible sheets of medical grade 
plastic. The diaphragms 59/61 are sealed about their 
peripheries to the peripheral edges of the front and back 
sides 58/60 of the cassette 24. 
[0053] The cassette 24 forms an array of interior 
cavities in the shapes of wells and channels. The inte- 
rior cavities create multiple pump chambers P1 and P2 
(visible from the front side 58 of the cassette 24, as Rg. 
8B shows). The interior cavities also create multiple 
paths F1 to F9 to convey liquid (visible from the back 
side 60 of the cassette 24, as Rgs. 8 and 8A shows). 
The interior cavities also create multiple valve stations 
V1 to V10 (visible from the front side 58 of The cassette 
24, as Fig. 8B shows). The valve stations V1 to V10 
interconnect the multiple liquid paths F1 to F9 with the 
pump chambers P1 and P2 and with each other. 
[0054] The number and arrangement of The pump 
chambers, liquid paths, and valve stations can vary. 
[0055] A typical APD therapy session usually 
requires five liquid sources/destinations. The cassette 
24 that embodies the features of. the invention provides ' 
these connections with five exterior liquid lines (i.e., the 
flexible tubes 26 to 32), two pump chambers P1 and P2, 
nine interior liquid paths F1 to F9, and ten valve stations 
V1 to V10. 

[0056] The two pump chambers P1 and P2 are 
formed as wells that open on the front side 58 of the 
cassette 24. Upstanding edges 62 peripherally sur- 
round the open wells of the pump chambers P1 and P2 
on the front side 58 of the cassette 24 (see Rg. 8B). 
[0057] The wells forming the pump chambers P1 
and P2 are closed on the back side 60 of the cassette 
24 (see Fig. 8), except that each pump chamber P1 and 
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^2 includes a vertically spaced pair of through holes or 
ports 64/66 that extend through to the back sid 60 of 
the cassette 24. 

[0058J As Figs. 8/8A/8B show, vertically spaced 
ports 64(1) and 66(1) are associated with pump charrv s 
ber PI. Port 64(1) communicates with liquid path F6. 
while port 66(1) communicates with liquid path F8. 
[0059] As Figs. 8/8A/8B also show, vertically 
spaced ports 64(2) and 66(2) are associated with pump 
chamber P2. Port 64(2) communicates with liquid path 10 
F7, while port 66(2) communicates with liquid path F9. 
[0060] As will become apparent either port 
64(1)/(2) or 66(1)/(2) can serve its associated chamber 
P1/P2 as an inlet or an outlet. Alternatively, liquid can be 
brought into and discharged out of the chamber P1/P2 15 
through the sane port associated 64(1)/(2) or 66(1)/(2). 
[0061 ] In the illustrated and preferred embodiment, 
the ports 64/66 are spaced so that, when the cassette 
24 is oriented vertically for use. one port 64(1 )/(2) is 
located higher than the other port 66(1)/(2) associated 20 
with that pump chamber P1/P2. As will be described in 
greater detail later, this orientation provides an impor- 
tant air removal function. 

[0062] The ten valve stations V1 to V1 0 are likewise 
formed as wells open on the front side 58 of the cas- 25 
sette 24. Fig. 8C shows a typical valve station V N . As 
Fig. 8C best shows, upstanding edges 62 peripherally 
surround the open wells of the valve stations V1 to V10 
on the front side 58 of the cassette 24. 
[0063] As Fig. 8C best shows, the valve stations V1 30 
to V10 are closed on the back side 60 of the cassette 
24, except that each valve station V N includes a pair of 
through holes or ports 68 and 68*. One port 68 commu- 
nicates with a selected liquid path F N on the back side 
60 of the cassette 24. The other port 68' communicates 35 
with another selected liquid path F N . on the back side 60 
of the cassette 24. 

[0064] In each valve station V N , a raised valve seat 
72 surrounds one of the ports 68. As Fig. 8C best 
shows, the valve seat 72 terminates lower than the sur- 40 
rounding peripheral edges 62. The other port 68* is flush 
with the front side 58 of the cassette. 
[0065] As Fig. 8C continues to show best, the flexi- 
ble diaphragm 59 overlying the front side 58 of the cas- 
sette 24 rests against the upstanding peripheral edges 45 
62 surrounding the pump chambers and valve stations. 
With the application of positive force uniformly against 
this side 58 of the cassette 24 (as shown by the f-arrows 
in Fig. 8C). the flexible diaphragm 59 seats against the 
upstanding edges 62. The positive force forms periph- so 
eral seals about the pump chambers P1 and P2 and 
valve stations V1 to V1 6. This, in turn, isolates the pump 
chambers P1 and P2 and. valve stations V1 to V10 from 
each other and the rest of the system. The cycler 14 
applies positive force to the front cassette side 58 for 55 
this very purpose. 

[0066] Further localized application of positive and 
negative fluid pressures upon the regions of the dia- 



phragm 59 overlying these peripherally sealed areas 
serve to flex the diaphragm regions within these periph- 
erally sealed areas. 

[0067] These localized applications of positive and 
negative fluid pressures on the diaphragm regions over- 
lying the pump chambers P1 and P2 serve to move liq- 
uid out of and into the chambers P 1 and P2 . 
[0068] Likewise, these localized applications of 
positive and negative fluid pressure on the diaphragm 
regions overlying the valve stations V1 to V10 will serve 
to seat and unseat these diaphragm regions against the 
valve seats 72, thereby closing and opening the associ- 
ated valve port 68. Fig. 8C shows in solid and phantom 
lines the flexing of the diaphragm 59 relative to a valve 
seat 72. 

[0069] In operation, the cycler 14 applies localized 
positive and negative fluid pressures to the diaphragm 
59 for opening and dosing the valve ports. 
[0070] The liquid paths F1 to F9 are formed as elon- 
gated channels that are open on the back side 60 of the 
cassette 24. Upstanding edges 62 peripherally sur- 
round the open channels on the back side 60 of the cas- 
sette 24. 

[0071] The liquid paths F1 to F9 are closed on the 
front side 58 of the cassette 24, except where the chan- 
nels cross over valve station ports 68/68'or pump cham- 
ber ports 64(1)/(2) and 66(1)/(2). 
[0072] The flexible diaphragm 61 overlying the back 
side 60 of the cassette 24 rests against the upstanding 
peripheral edges 62 surrounding the liquid paths F1 to 
F9. With the application of positive force uniformly 
against this side 60 of the cassette 24, the flexible dia- 
phragm 61 seats against the upstanding edges 62. This 
forms peripheral seals along the liquid paths F1 to F9. In 
operation, the cycler 1 4 also applies positive force to the 
diaphragm 61 for this very purpose. 
[0073] As Figs. 8/8A/8B show, five premoided tube 
connectors 27/29/31/33/35 extend out along one side 
edge of the cassette 24. When the cassette 24 is verti- 
cally oriented for use, the tube connectors 27 to 35 are 
vertically stacked one above the other. The first tube 
connector 27 is the uppermost connector, and the fifth 
tube connector 35 is the lowermost connector. 
[0074] This ordered orientation of the tube connec- 
tors 27 to 35 provides a centralized, compact unit. It 
also makes it possible to cluster the valve stations within 
the cassette 24 near the tube connectors 27 to 35. 
[0075] The first through fifth tube connectors 27 to 
35 communicate with interior liquid paths F1 to F5, 
respectively. These liquid paths F1 to F5 constitute the 
primary liquid paths of the cassette 24, through which 
liquid enters or exits the cassette 24. 
[0076] The remaining interior liquid paths F6 to F9 
of the cassette 24 constitute branch paths that link the 
primary liquid paths F1 to F5 to the pump chambers P1 
and P2 through the valve stations V1 to V1 0. 
[0077] Because the pump chamberp.P1 and P2 are 
vertically oriented during use, air entering the pump 
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f chambers P1/P2 during liquid pumping operations will 
accumulate near the upper port 64 in each pump cham- 
ber P1/P2. 

[0078] The liquid paths F1 to F9 and the valve sta- 
tions V1 to V10 are purposefully arranged to isolate the 5 
patient's peritoneal cavity from the air that the pump 
chambers P1/P2 collect. They are also purposefully 
arranged so that this collected air can be transferred out 
of the pump chambers P1/P2 during use. 
[0079] More particularly, the cassette 24 isolates 10 
selected interior liquid paths from the upper ports 64 of 
the pump chambers P1 and P2. The cassette 24 
thereby isolates these selected liquid paths from the air 
that accumulates in the pump chambers P1/P2. These 
air-isolated liquid paths can be used to convey liquid is 
directly into and from the patient's peritoneal cavity. 
[0080] The cassette 24 also connects other 
selected liquid paths only to the upper ports 64(1 )/(2) of 
the pump chambers P1 and P2. These liquid paths can 
be used to transfer air out of the respective pump cham- 20 
ber P1/P2. These liquid paths can also be used to con- 
vey liquid away from the patient to other connected 
elements in the system 10, like the heater bag 22 or the 
drain. 

[0081] In this way. the cassette 24 serves to dis- 25 
charge entrapped air through established noncritical liq- 
uid paths, while isolating the critical liquid paths from the 
air. The cassette 24 thereby keeps air from entering the 
patient's peritoneal cavity. 

[0082] More particularly, valve stations V1 to V4 30 
serve only the upper ports 64(1)/(2) of both pump cham- 
bers P1 and P2. These valve stations V1 to V4, in turn, 
serve only the primary liquid paths F1 and F2. Branch 
liquid path F6 links primary paths F1 and F2 with the 
upper port 64(1) of pump chamber PI through valve 35 
stations V1 and V2. Branch liquid path F7 links primary 
paths F1 and F2 with the upper port 64(2) of pump 
chamber P2 through valve stations V3 and V4. 
[0083] These primary paths F1 and F2 can thereby 
serve as noncritical liquid paths, but not as critical liquid 40 
paths, since they are not isolated from air entrapped 
within the pumping chambers P1/P2. By the same 
token, the primary paths F1 and F2 can serve to convey 
entrapped air from the pump chambers P1 and P2. 
[0084] Tubes that, in use, do not directly convey liq- 45 
uid to the patient can be connected to the noncritical liq- 
uid paths F1 and F2 through the upper two connectors 
27 and 29. One tube 26 conveys liquid to and from the 
heater bag 22. The other tube 28 conveys spent perito- 
neal solution to the drain. 50 
[0085] When conveying liquid to the heater bag 22 
or to the drain, these tubes 26/28 can also carry air that 
accumulates in the upper region of the pump chambers 
P1/P2. In this arrangement, the heater bag 22, like the 
drain, serves as. an air sink for the system 10. .55 
[0086] Valve stations V5 to V1 6 serve only the lower 
ports 66(1)/(2) of both pump chambers P1 and. P2. 
These valve stations V5 to V10, in turn, serve only the 



primary liquid paths F3; F4; and F5. Branch liquid path 
F8 links primary paths F3 to F5 with the lower port 66(1 ) 
of pump chamber P1 through valve stations V8; V9; and 
V10. Branch liquid path F9 links primary paths F3 to F5 
with the lower port 66(2) of pump chamber P2 through 
valve stations V5; V6; and V7. 
[0087] Because the primary paths F3 to F5 are iso- 
lated from communication with the upper ports 64 of 
both pump chambers P1 and P2, they can serve as crit- 
ical liquid paths. 

[0088] Thus, the tube 34 that conveys liquid directly 
to the patient's indwelling catheter can be connected to 
one of the lower three connectors 31/33y35 (i.e., to the 
primary liquid paths F3 to F5). 
[0089] The same tube 34 also carries spent dia- 
lysate from the patient's peritoneal cavity. Likewise, the 
tubes 30/32 that carry sterile source liquid into the pump 
chambers enter through the lower pump chamber ports 
66(1)/(2). 

[0090] This arrangement makes it unnecessary to 
incorporate bubble traps and air vents in the tubing 
serving the cassette. The cassette is its own self con- 
tained air trap. 

II. THE QYQLER 

[0091] As Figs. 9 and 10 best show, the cycler 14 
carries the operating elements essential for an APD 
procedure within a portable housing 82 that occupies a 
relatively small footprint area (as Figs. 1 and 2 also 
show). 

[0092] As already stated, the housing 82 encloses 
the cycle controller 16. 

[0093] The housing 82 Also encloses a bag heater 
module 74 (see Fig. 9). ft further encloses a pneumatic 
actuator module 76. The pneumatic actuator module 76 
also incorporates the cassette holder 100 already 
described, as well as a failsafe liquid shutoff assembly 
80, which will be described later. ^ 
[0094] The housing 82 also encloses a source 84 of 
pneumatic pressure and an associated pneumatic pres- 
sure distribution module 88, which links the pressure 
source 84 with the actuator module 76. 
[0095] The housing 82 also encloses an AC power 
supply module 90 and a back-up DC battery power sup- 
ply module 92 for the cycler 14. 
[0096] Further structural and functional details of 
these operating modules of the cycler 14 will be 
described next. 



(A) The Baa Heating Module 

[0097] The bag heating module 74 includes an 
exterior support plate 94 on the top of the cyder hous- 
ing 82 for carrying the heater bag 22 (as Fig. 1 shows). 
The support plate 94 is made of a heat conducting 
material, like aluminum. 

[0098] As Rg. 9 shows, the module 74 includes a 
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^conventional electrical resistance heating strip 96 that 
underlies and heats the support plate 94. 
[0099] Four thermocouples T1fl"2/T3/T4 monitor 
the temperatures at spaced locations on the left, right, 
rear, and center of the heating strip 96. Fifth and sixth s 
thermocouples T5/T6 (see Figs. 2 and 10) independ- 
ently monitor the temperature of the heater bag 22 itself. 
[0100] A circuit board 98 (see Fig. 9) receives the 
output of the thermocouples T1 to T6. The board 98 
conditions the output before transmitting it to the con- w 
trailer 16 for processing. 

[0101] In the preferred embodiment, the controller 
16 includes a heater control algorithm that elevates the 
temperature of liquid in the heater bag 22 to about 33 
degrees C before the first fill cycle. A range of other safe is 
temperature settings could be used, which coutd be 
selected by the user. The heating continues as the first 
fill cycle proceeds until the heater bag temperature 
reaches 36 degrees C. 

[0102] The heater control algorithm then maintains 20 
the bag temperature at about 36 degrees C. The algo- 
rithm functions to toggle the heating strip 96 on and off 
at a sensed plate temperature of 44 degrees C to 
assure that ptate temperature never exceeds 60 
degrees C. 25 

(B) The Pneumatic Actuator Module 

[01 03] The cassette holder 1 00, which forms a part 
of the pneumatic actuator module 76, includes a front 30 
plate 105 joined to a back plate 108 (see Fig. 12A). The 
plates 105/108 collectively form an interior recess 110. 
[0104] A door 106 is hinged to the front plate 105 
(see Figs. 6 and 7). The door 106 moves between an 
opened position (shown in Figs. 6 and 7) and a closed 35 
position (shown in Figs. 1; 2: and 11). 
[0105] A door latch 115 operated by a latch handle 
111 contacts a latch pin 114 when the door 106 is 
closed. Moving the latch handle 111 downward when 
the door 1 06 is closed engages the latch 1 1 5 to the pin 40 
1 1 4 to lock the door 106 (as Rgs. 4 and 5 show). Mov- 
ing the latch handle 111 upward when the door 106 is 
closed releases the latch 115 from the pin 114. This 
allows the door 106 to be opened (as Fig. 6 shows) to 
gain access to the holder interior. 45 
[0106] With the door 106 opened, the user can 
insert the cassette 24 into the recess 1 10 with its front 
side 58 facing the interior of the cycler 14 (as Figs. 6 
and 7 show). 

[0107] The inside of the door 106 carries an so 
upraised elastomeric gasket 112 positioned in opposi- 
tion to the recess 1 10. Closing the door 106 brings the 
gasket 1 1 2 into facing contact with the diaphragm 61 on 
the back side 60 of the cassette 24. 
[01 08] . The pneumatic actuator module 76 contains ss 
a pneumatic piston head assembly 78 located behind 
the back plate 108 (see Fig. 12A). 
[0109] The piston head assembly 78 includes a pis- 



ton element 102. As Rgs. 12A; 13 and 14 show, the pis- 
ton element 102 comprises a molded or machined 
plastic or metal body. The body contains two pump actu- 
ators PA1 and PA2 and ten valve actuators VA1 to VA1 0. 
The pump actuators PA1/PA2 and the valve actuators 
VA1 to VA10 are mutually oriented to form a mirror 
image of the pump stations P1/P2 and valve stations V1 
to V10 on the front side 58 of the cassette 24. 
[0110] Each actuator PA1/PA2/VA1 to VA10 
includes a port 120. The ports 120 convey positive or 
negative pneumatic pressures from the pneumatic pres- 
sure distribution module 88 (as will be described in 
greater detail later). 

[01 1 1 ] As Rg. 13 best shows, interior grooves 1 22 
formed in the piston element 102 surround the pump 
and valve actuators PA1/PA2/VA1 to VA10. A preformed 
gasket 118 (see Rg. 12 A) fits into these grooves 122. 
The gasket 118 seals the peripheries of the actuators 
PA1/PA2/VA1 to VA10 against pneumatic pressure 
leaks. 

[0112] The configuration of the preformed gasket 
1 18 follows the pattern of upstanding edges that periph- 
erally surround and separate the pump chambers P1 
and P2 and valve stations V1 to V10 on the front side 58 
of the cassette 24. 

[0113] The piston element 102 is attached to a 
pressure plate 104 within the module 76 (see Fig. 12B). 
The pressure plate 104 is, in turn, supported on a frame 
126 for movement within the module 76. 
[01 1 4] The side of the plate 1 04 that carries the pis- 
ton element 102 abuts against a resilient spring element 
132 in the module 76. In the illustrated and preferred 
embodiment the spring element 132 is made of an 
open pore foam material. 

[0115] The frame 126 also supports an inflatable 
main bladder 128. The inflatable bladder 128 contacts 
the other side of the plate 104. 
[0116] The piston element 102 extends through a 
window 134 in the spring element 132 (see Rg. 12 A). 
The window 134 registers with the cassette receiving 
recess 110. 

[0117] With a cassette 24 fitted into the recess 1 1 0 
and the holder door 1 06 closed, the piston element 1 02 
in the window 134 is mutually aligned with the dia- 
phragm 59 of the cassette 24 in the holder recess 110. 
[0118] As Fig. 15A shows, when the main bladder 
128 is relaxed (i.e., not inflated), the spring element 132 
contacts the plate 104 to hold the piston element 102 
away from pressure contact with a cassette 24 within 
the holder recess 110. 

[0119] As will be described in greater detail later, 
the pneumatic pressure distribution module 88 can sup- 
ply positive pneumatic pressure to the main bladder 
128. This inflates the bladder 128. 
[0120] As Rg. 15B shows, when the main bladder 
128 inflates, it presses the plate 104 against the spring 
element 132. The open cell structure of the spring ele- 
ment 132 resilientiy deforms under the pressure. The 
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* piston element 102 moves within the window 134 into 
pressure contact against the cassette diaphragm 59. 
[01 21 ] The bladder pressure presses the piston ele- 
ment gasket 1 1 8 tightly against the cassette diaphragm 
59. The bladder pressure also presses the back side 
diaphragm 61 tightly against the interior of the door gas- 
ket 112. 

[0122] As a result, the diaphragms 59 and 61 seat 
against the upstanding peripheral edges 62 that sur- 
round the cassette pump chambers P1/P2 and valve 
stations V1 to V10. The pressure applied to the plate 
104 by the bladder 128 seals the peripheries of these 
regions of the cassette 24. 

[0123] The piston element 102 remains in this oper- 
ating position as long as the main bladder 128 retains 
positive pressure and the door 106 remains closed. 
[0124] In this position, the two pump actuators PA1 
and PA2 in the piston element 102 register with the two 
pump chambers P1 and P2 in the cassette 24. The ten 
valve actuators VA1 to VA10 in the piston element 102 
likewise register with the ten valve stations V1 to V10 in 
the cassette 24. 

[0125] As will be described in greater detail later, 
the pneumatic pressure distribution module 88 conveys 
positive and negative pneumatic fluid pressure to the 
actuators PA1/PA2/VA1 to VA10 in a sequence gov- 
erned by the controller 16. These positive and negative 
pressure pulses flex the diaphragm 59 to operate the 
pump chambers P1/P2 and valve stations V1 to V10 in 
the cassette 24. This, in turn, moves liquid through the 
cassette 24. 

[0126] Venting the positive pressure in the bladder 
128 relieves the pressure the plate 104 applies to the 
cassette 24. The resilient spring element 132 urges the 
plate 104 and attached piston element 102 away from 
pressure contact with the cassette diaphragm 59. In this 
position, the door 106 can be opened to unload the cas- 
sette 24 after use. 

[0127] As Fig. 12A shows, the gasket 118 prefera- 
bly includes an integral elastomeric membrane 124 
stretched across it. This membrane 124 is exposed in 
the window 134. It serves as the interface between the 
piston element 102 and the diaphragm 59 of the cas- 
sette 24, when fitted into the holder recess 110. 
[0128] The membrane 124 includes one or more 
small through holes 125 in each region overlying the 
pump and valve actuators PA1/PA2/VA1 to VA10. The 
holes 125 are sized to convey pneumatic fluid pressure 
from the piston element actuators to the cassette dia- 
phragm 59. Nevertheless, the holes 125 are small 
enough to retard the passage of liquid. This forms a 
flexible splash guard across the exposed face of the 
gasHetl18. 

[0129] The splash guard membrane 124 keeps liq- 
uid out of the pump and valve actuators PA1/PA2/VA1 1 
VA10, should the cassette diaphragm 59 leak. The 
splash guard membrane 124 also serves as a filter to 
keep particulate matter out of the pump and valve actu- 



ators of the piston element 102. The splash guard mem- 
brane 124 can be periodically wiped clean when 
cassettes are exchanged. 

[0130] As Fig. 12A shows, inserts 117 preferably 
5 occupy the pump actuators PA1 and PA2 behind the 
membrane 124. 

[0131] In the illustrated and preferred embodiment, 
the inserts 1 1 7 are made of an open cell foam material. 
The inserts 117 help dampen and direct the pneumatic 
10 pressure upon the membrane 124. The presence of 
inserts 117 stabilizes air pressure more quickly within 
the pump actuators PA1 and PA2, helping to negate 
transient thermal effects that arise during the convey- 
ance of pneumatic pressure. 

15 

(C) The Liquid Shutoff Assembly 



[01 32] The liquid shutoff assembly 80. which forms 
a part of the pneumatic actuator module 76, serves to 
20 block all liquid flow through the cassette 24 in the event 
of a power failure or another designated error condition. 
[0133] As Rg. 12B shows, the liquid shutoff assem- 
bly 80 includes a movable occluder body 138 located 
behind the pressure plate frame 126. The occluder body 
25 1 38 has a side hook element 140 that fits into a slot 142 
in the pressure plate frame 126 (see Figs. 16A/B). This 
hook-in-slot fit establishes a contact point about which 
the occluder body 138 pivots on the pressure plate 
frame 126. 

so [0134] The occluder body 138 includes an elon- 
gated occluder Wade 144 (see Figs. 12A; 15; and 16). 
The occluder Wade 144 extends through a slot 146 in 
the front and back plates 105/108 of the holder 100. 
When the holder door 106 is closed, the Wade 144 faces 
35 an elongated occluder bar 148 carried on the holder 
door 106 (see Figs. 15 and 16). 
[0135] When the cassette 24 occupies the holder 
recess 110 (see Fig. 7) and the holder door 106 is 
closed, all tubing 26 to 34 attached to the cassette 24 
40 passes between the occluder Wade 144 and the 
occluder bar 148 (as Figs. 15 and 16 show). 
[01 36] In the illustrated and preferred embodiment, 
a region 145 of the flexiWe tubing 26 to 34 is held in a 
mutually close relationship near the cassette 24 (see 
45 Fig. 3). This bundled tubing region 145 further simplifies 
the handling of the cassette 24. This bundled region 145 
also arranges the cassette tubing 26 to 34 in a close, 
side by side relationship in the region between the 
occluder Wade 144 and bar 148 (see Rg. 7). 
50 [01 37] In the illustrated and preferred embodiment, 
the sidewalls of the f lexiWe tuWng 26 to 34 are RF sur- 
face welded together to form the bundled region 145. 
[0138] Pivotal movement of the occluder body 138 
moves the occluder Wade 144 toward or away from the 
55 occluder bar 148. When spaced apart (as Fig. 16A 
shows), the occluder blade and bar 144/148 allow dear 
passage of the cassette tuWng 26 to 34. When brought 
together (as Rg. 16B shows), the occluder blade and 
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bar 144/148 crimp the cassette tubing 26 to 34 closed. 
Occluder springs 150 carried within sleeves 151 nor- 
mally bias the occluder Wade and bar 1 44/1 48 together. 
[0139] An occluder bladder 152 occupies the space 
between the occluder body 138 and the frame 126 (see 
Fig. 12B). 

[0140] As Fig. 1 6B shows, when the occluder blad- 
der 152 is relaxed (i.e., not inflated), it makes no contact 
against the occluder body 138. The occluder springs 
150 urge the occluder Wade and bar 144/148 together, 
simultaneously crimping all cassette tubing 26 to 34 
closed. This prevents all liquid flow to and from the cas- 
sette 24. 

[0141] As will be described in greater detail later, 
the pneumatic pressure distribution module 88 can sup- 
ply positive pneumatic pressure to the occluder bladder 
152. This inflates the Wadder 128. 
[0142] As Fig. 16A shows, when the occluder Wad- 
der 152 inflates, it presses against the occluder body 
138 to pivot it upward. This moves the occluder Wade 
1 44 away from the occluder bar 1 58. This permits liquid 
to flow through all tubing to and from the cassette 24. 
[0143] The occluder Wade and bar 144/1 48 remain 
spaced apart as long as the occluder Wadder 152 
retains positive pressure. 

[0144] Venting of positive pressure relaxes the 
occluder Wadder 152. The occluder springs 150 imme- 
diately urge the occluder Wade and bar 144/148 back 
. together to crimp the tubing closed. 
[0145] As will be described in greater detail later, an 
electrically actuated valve C6 communicates with the 
occluder Wadder 152. When receiving electrical power, 
the valve C6 is normally dosed. In the event of a power 
loss, the valve C6 opens to vent the occluder Wadder 
152, crimping the cassette tubing 26 to 34 closed. 
[0146] The assembly 80 provides a pneumatically 
actuated fail-safe liquid shut off for the pneumatic pump- 
ing system. 

(PI The Pneumatic Pres sure Source 

[0147] The pneumatic pressure source 84 com- 
prises a linear vacuum pump and air compressor capa- 
ble of generating both negative and positive air 
pressure. In the illustrated and preferred embodiment, 
the pump 84 is a conventional air compressor/vacuum 
pump commercially availaWe from Medo Corporation. 
[0148] As Fig. 23 shows, the pump 84 includes an 
inlet 154 for drawing air into the pump 84. The pump 
inlet 154 supplies the negative pressure required to 
operate the cycler 14. 

[0149] As Fig. 23 also shows, the pump 84 also 
includes an outlet 1 56 fo = discharging air from the pump 
84. The pump outlet 153 supplies positive pressure 
required to operate the cycler 14. 
[0150] Figs. 9 and 10 also show the inlet 154 and 
outlet 156. 

[01 51 ] The pump inlet 1 54 and the pump outlet 1 56 



communicate with amWent air via a common vent 158 
(shown schematically in Fig. 23). The vent 158 includes 
a filter 160 that removes particulates from the air drawn 
into the pump 84. 

5 

(E) The Pressure Distribution System 

[0152] Figs. 17 to 22 show the details of the pneu- 
matic pressure distribution module 88. The module 88 

10 encloses a manifold assemWy 162. The manifold 
assembly 162 controls the distribution of positive and 
negative pressures from the pump 84 to the piston ele- 
ment 102, the main Wadder 128, and the occluder blad- 
der 152. The controller 16 provides the command 

15 signals that govern the operation of the manifold assem- 
bly 162. 

[01 53] As Figs. 1 8 shows, a foam material 1 64 pref- 
eraWy lines the interior of the module 88 enclosing the 
manifold assemWy 1 62. The foam material 164 provides 

20 a barrier to darrpen sound to assures quiet operation. 
[0154] As Figs. 18 and 19 show, the manifold 
assemWy 162 includes a top plate 166 and a bottom 
plate 168. A sealing gasket 170 is sandwiched between 
the plates 166/168. 

25 [0155] The bottom plate 168 (see Figs. 20 and 21) 
includes an array of paired air ports 172. Fig. 20 shows 
the inside surface of the bottom plate 168 that faces the 
gasket 170 (which is designated IN in Figs. 19 and 20). 
Fig. 21 shows the outside surface of the bottom plate 

30 168 (which is designated OUT in Figs. 19 and 21). 
[0156] The inside surface (IN) of the bottom plate 
168 also contains an array of interior grooves that form 
air conduction channels 174 (see Fig. 20). The array of 
paired air ports 172 communicates with the channels 

35 1 74 at spaced intervals. A Wock 1 76 fastened to the out- 
side surface (OUT) of The bottom plate 168 contains an 
additional air conduction channels 174 that communi- 
cate with the channels 174 on the inside plate surface 
(IN) (see Figs. 19 and 22). 

40 [01 57] Transducers 1 78 mounted on the exterior of 
the module 88 sense through associated sensing tubes 
180 (see Fig. 18) pneumatic pressure conditions 
present at various points along the air conduction chan- 
nels 174. The transducers 178 are conventional semi- 

45 conductor piezo-resistance pressure sensors. The top 
of the module 88 includes stand-off pins 182 that carry 
a board 184 to which the pressure transducers 178 are 
attached. 

[0158] The outside surface (OUT) of the bottom 
so plate 1 68 (see Figs. 1 9 and 22) carries a solenoid actu- 
ated pneumatic valves 190 connected in communica- 
tion with each pair of air ports 172. In the illustrated 
embodiment, there are two rows of valves 1 90 arranged 
along opposite sides of the outside surface (OUT) of the 
55 plate 168. Twelve valves 190 form one row, and thirteen 
valves 190 form the other row. 
[01 59] As Fig. 22 shows, each pneumatic valve 1 90 
is attached in communication with a pair of air ports 1 72 
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' by screws fastened to the outside surface (OUT) of the 
bottom plate 168. As Figs. 19 and 22 also show, each 
valve 190 is electrically connected by ribbon cables 192 
to the cycler controller 16 by contacts on a junction 
board 194. There are two junction boards 194, one for 
each row of valves 1 90. 

[0160] Each pneumatic valve 190 operates to con- 
trol air flow through its associated pair of ports 172 to 
link the ports 172 to the various air channels 174 the 
bottom plate 168 carries. As will be described in greater 
detail later, some of the valves 190 are conventional 
three way valves. Others are conventional normally 
closed two way valves. 

[0161] The air channels 174 within the manifold 
assembly 162 are coupled by flexible tubing 196 (see 
Rg. 17) to the system components that operate using 
pneumatic pressure. Slots 198 in the side of the module 
88 accommodate the passage of the tubing 196 con- 
nected to the manifold assembly 162. 
[0162] Figs. 9 and 10 also show the flexible tubing 
196 that links the manifold assembly 162 to the pneu- 
matically actuated and controlled system components. 
[01 63] Rg. 1 1 further shows the tubing 1 96 from the 
manifold assembly 162 entering the pneumatic actuator 
module 76, where they connect to the main bladder 
128, the occluder bladder 152, and the piston element 
102. Rg. 14A further shows the T-fittings that connect 
the tubing 196 to the ports of the valve actuators VA1 to 
VA10 and the ports of the pump actuators PA1/PA2 of 
the piston element 102. These connections are made 
on the back side of the piston element 102. 

1. The Pressure Regulation System 

[0164] The air conduction passages 174 and the 
flexible tubing 196 associated with the manifold assem- 
bly 162 define a fluid pressure regulation system 200 
that operates in response to command signals from the 
cycler controller 16. Rgs. 23 and 24 show the details of 
the air regulation system 200 in schematic form. 
[0165] In response to the command signals of the 
controller 16, the pressure regulation system 200 
directs the flow of positive and negative pneumatic pres- 
sures to operate the cycler 14. When power is applied, 
the system 200 maintains the occluder assembly 80 in 
an open, flow-permitting condition; it seals the cassette 
24 within the holder 100 for operation; and it conveys 
pneumatic pressure to the piston element 102 to move 
liquid through the cassette 24 to conduct an APD proce- 
dure. The pressure regulation system 200 also provides 
information that the controller 16 processes to measure 
the volume of liquid conveyed by the cassette 24. 

a. Pressing Supply Network 

[0166] As Rg. 23 shows, the regulation system 200 
includes a pressure supply network 202 having a posi- 
tive pressure side 204 and a negative pressure side 



206. The positive and negative pressure sides 204 and 
206 can each be selectively operated in either a low-rel- 
ative pressure mode or high-relative pressure mode. 
[01 67] The controller 1 6 calls for a low-relative pres- 

5 sure mode when the cycler 14 circulates liquid directly 
through the patient's indwelling catheter 18 (i.e., during 
patient infusion and drain phases). The controller 16 
calls for a high-relative pressure mode when the cycler 
1 4 circulates liquid outside the patient's indwelling cath- 

10 eter 18 (i.e., during transfers of liquid from supply bags 
20 to the heater bag 22). 

[0168] In other words, the controller 16 activates the 
low-relative pressure mode when considerations of 
patient comfort and safety predominate. The controller 

is 1 6 activates the high-relative pressure mode when con- 
siderations of processing speed predominate. 
[0169] In either mode, the pump 84 draws air under 
negative pressure from the vent 158 through an inlet 
line 208. The pump 84 expels air under positive pres- 

20 sure through an outlet line 210 to the vent 158. 

[01 70] The negative pressure supply side 206 com- 
municates with the pump inlet line 208 through a nega- 
tive pressure branch line 212. The three way pneumatic 
valve DO carried on the manifold assembly 162 controls 

25 this communication. 

[01 71 ] The branch line 2 1 2 supplies negative pres- 
sure to a reservoir 214 carried within the cycler housing 
82 (this can be seen in Rgs. 9 and 10). The reservoir 
214 preferably has a capacity greater than about 325 ml 

30 and a collapse pressure of greater than about -68.95 
kPa (-10 psig). The transducer XNEG carried on the 
manifold assembly 162 senses the amount of negative 
pressure stored within the negative pressure reservoir 
214. 

35 [0172] When in the high-relative negative pressure 
mode, the transducer XNEG transmits a control signal 
When the predefined high-relative negative pressure of 
-34.475 kPa (-5.0 psig) is sensed. When in the low-rela- 
tive negative pressure mode, the transducer XNEQ 

40 transmits a control signal when the predefined low-rela- 
tive negative pressure of -8.27 kPa (-1.2 psig) is 
sensed; The pressure reservoir 214 serves as both a 
low-relative and a high-relative pressure reservoir, 
depending upon the operating mode of the cycler 14. 

45 [01 73] The positive pressure supply side 204 com- 
municates with the pump outlet line 210 through a main 
positive pressure branch line 216. The three way pneu- 
matic valve C5 controls this communication. 
[0174] The main branch line 216 supplies positive 

so pressure to the main bladder 128. which seats the pis- 
ton head 116 against the cassette 24 within the holder 
100. The main bladder 128 also serves the system 202 . 
as a positive high pressure reservoir. 
[0175] The main bladder 128 preferably has a 

55 capacity of greater than about 600 ml and a ftxtured 
burst pressure over about 103.42 kPa (15 psig). 
. [0176] Transducer XHPOS carried on. the manifold 
assembly 162 senses the amount of positive pressure 
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'within the main bladder 128. Transducer XHPOS trans- 
mits a control signal when the predetermined high-rela- 
tive pressure of 51 .72 kPa (7.5 psig) is sensed. 
[0177] A first auxiliary branch line 218 leads from 
the main branch line 216 to a second positive pressure 
reservoir 220 earned within the housing 82 (which can 
also be seen in Figs. 9 and 10). The two way, normally 
closed pneumatic valve A6 carried by the manifold 
assembly 168 controls the passage of positive pressure 
to the second reservoir 220. The second reservoir 220 
serves the system 202 as a reservoir for low-relative 
positive pressure. 

[0178] The second reservoir 220 preferably has a 
capacity of greater than about 325 cc and a fixtured 
burst pressure greater than about 68.95 kPa (10 psig). 
[0179] Transducer XLPOS carried on the manifold 
assembly 162 senses the amount of positive pressure 
within the second pressure reservoir 220. Transducer 
XLPOS is set to transmit a control signal when the pre- 
determined law-relative pressure of 13.79 kPa (2.0 psig) 
is sensed. 

[0180] The valve A6 divides the positive pressure 
supply aide 204 into a high-relative positive pressure 
region 222 (between valve station C5 and valve station 
A6) and a low-relative positive pressure region 224 
(between valve station A6 and the second reservoir 
220). 

[0181] A second auxiliary positive pressure branch 
line 226 leads from the main branch line 216 to the 
occluder bladder 152 through three way pneumatic 
valve C6. The occluder bladder 1 52 also serves the sys- 
tem 202 as a positive high pressure reservoir. 
[0182] A bypass branch line 228 leads from the 
main branch 216 to the vent 158 through the two way, 
normally closed valve A5. The valve C6 also communi- 
cates with the bypass branch line 228. 
[0183] The pressure supply network 202 has three 
modes of operation. In the first mode, the network 202 
supplies the negative pressure side 206. In the second 
mode, the network 202 supplies the positive pressure 
side 204. In the third mode, the network 202 supplies 
neither negative or positive pressure side 204/206, but 
serves to circulate air in a continuous manner through 
the vent 158. 

[0184] With the three modes of operation, the pump 
84 can be continuously operated, if desired. This avoids 
any time delays and noise occasioned by cycling the 
pump 84 on and off. 

[0185] In the first mode, valve station DO opens 
communication between the negative branch line 212 
and the pump inlet line 208. Valve C5 opens communi- 
cation between the pump outline line 210 and the vent 
158, while blocking communication with the main posi- 
tive branch line 216. 

[0186] the pump 84 operates to circulate air frpm 
the vent 158 through its inlet and outlet Ones 208/210 to 
the vent 158. This circulation also draws air to generat- 
ing negative pressure in the negative branch line 212. 



The reservoir 214 stores this negative pressure. 
[0187] When the transducer XNEQ senses its pre- 
determined high-relative or low-relative negative pres- 
sure, it supplies a command signal to operate valve DO. 

5 closing communication between the pump inlet line 208 
and the negative branch line 212. 
[0188] In the second mode, valve DO closes com- 
munication between the negative branch line 212 and 
the pump inlet line 208. Valve C5 closes communication 

10 with the vent 158, while opening communication with 
the main positive branch line 216. 
[0189] The pump 84 operates to convey air under 
positive pressure into the main positive branch line 216. 
This positive pressure accumulates in the main bladder 

is 1 28 for conveyance to the pump and valve actuators on 
the piston element 102. 

[01 90] By operating three way valve C6, the positive 
pressure can also be directed to fill the occluder bladder 
152. When the valve C6 is in this position, the positive 
>o pressure in the occluder bladder 1 52 also can be con- 
veyed to the pump and valve actuators on the piston 
element 102 

[0191] Otherwise, valve C6 directs the positive 
pressure through the bypass line 228 to the vent 1 58. In 

'5 the absence of an electrical signal (for example, if there 
is a power failure), valve C6 opens the occluder bladder 
152 to the bypass line 228 to the vent 158. 
[01 92] Valve A6 is either opened to convey air in the 
main branch line 216 to the low pressure reservoir 214 

o or closed to block this conveyance. The transducer 
XLPOS opens the valve A6 upon sensing a pressure 
below the low-relative cut-off. The transducer XLPOS 
closes the valve station A6 upon sensing pressure 
above the low-relative cut-off. 

s [0193] The transducer XHIPOS operates valve C5 
to close communication between the pump outlet line 
210 and the main positive branch line 21 6 upon sensing 
a pressure above the high-relative cut-off of 7.5 psig. 
[01 94] In the third mode, valve DO closes communi- 

o cation between the negative branch line 212 and the 
pump inlet line 208. Valve C5 opens communication 
between the pump outlet line 210 and the vent 158, 
while blocking communication with the main positive 
branch line 216. 

s [0195] The pump 84 operates to circulate air in a 
loop from the vent 158 through its inlet and outlet lines 
208/210 back to the vent 158. 

b. The Pressure Actuating Network 

[01 96] As Fig. 24 shows, the regulation system also 
includes first and 6econd pressure actuating networks 
230 and 232. 

[01 97] The first pressure actuating network 230 dis- 
f tributes negative and positive pressures to the first 
pump actuator PA1 and the valve actuators that serve it 
(namely, VA1 ; VA2; VA8; VA9; and VA10). These actua- 
tors, in turn, operate cassette pump station P1 and 
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valve stations V1; V2; V8; V9; and V10, respectively, 
which serve pump station P1 . 
[01 98] The second pressure actuating network 232 
distributes negative and positive pressures to the sec- 
ond pump actuator PA2 and the valve actuators that 
serve it (namely, VA3; VA4; VA5; VA6; and VA7). These 
actuators, in turn, operate cassette pump station P2 and 
cassette valve stations V3; V4; V5; V6; and V7 t which 
serve pump station P2. 

[0199] The controller 16 can operate the first and 
second actuating networks 230 and 232 in tandem to 
alternately fill and empty the pump chambers P1 and 
P2. This provides virtually continuous pumping action 
through the cassette 24 from the same source to the 
same destination. 

[0200] Alternatively, the controller 16 can operate 
the first and second actuating networks 230 and 232 
independently. In this way, the controller 16 can provide 
virtually simultaneous pumping action through the cas- 
sette 24 between different sources and different desti- 
nations. 

[0201] This simultaneous pumping action can be 
conducted with either synchronous or non-synchronous 
pressure delivery by the two networks 230 and 232. The 
networks 230 and 232 can also be operated to provide 
pressure delivery that drifts into an out of synchronous- 
ness. 

[0202] The first actuating network 230 provides 
high-relative positive pressure and negative pressures 
to the valve actuators VA1 ; VA2; VA8; VA9; and VA10. 
[0203] The first actuating network 230 also selec- 
tively provides either high-relative positive and negative 
pressure or low-relative positive and negative pressure 
to the first pumping actuator PA1. 
[0204] Referring first to the valve actuators, three 
way valves CO; CI; C2; C3; and C4 in the manifold 
assembly 162 control the flow of high-relative positive 
pressure and negative pressures to the valve actuators 
VA1 ; VA2; VA8; VA9; and VA10. 
[0205] The high-relative positive pressure region of 
the main branch line 216 communicates with the valves 
CO; C1: C2; C3; and C4 through a bridge line 234, a 
feeder line 236, and individual connecting lines 238. 
[0206] The negative pressure branch 212 commu- 
nicates with the valves CO; C1 ; C2; C3; and C4 through 
individual connecting lines 340. The controller 16 sets 
this branch 212 to a high-relative negative pressure 
condition by setting the transducer XNEQ to sense a 
high-relative pressure cut-off. 
[0207] By applying negative pressure to one or 
more given valve actuators, the associated cassette 
valve station is opened to accommodate liquid flow. By 
applying positive pressure to one or more given valve 
actuators, the associated cassette value station is 
closed to block liquid flow. In this way, the desired liquid 
path leading to and from the pump chamber P1 can be 
selected. 

[0208] Referring now to the pump actuator PA1, two 



way valve A4 in the manifold assembly 162 communi- 
cates with the high-relative pressure feeder line 236 
through connecting line 342. Two way valve A3 in the 
manifold assembly 162 communicates with the low-rel- 

5 ative positive pressure reservoir through connecting line 
344. By selectively operating either valve A4 or A3, 
either high-relative or low-low-relative positive pressure 
can be supplied to the pump actuator PA1. 
[0209] Two way valve AO communicates with the 

10 negative pressure branch 212 through connecting line 
346. By setting the transducer XNEQ to sense either a 
low-relative pressure cut-off or a high-relative pressure 
cut-off, either low-relative or high-relative pressure can 
be supplied to the pump actuator VA1 by operation of 

is valve AO. 

[0210] By applying negative pressure (through 
valve AO) to the pump actuator PA1, the cassette dia- 
phragm 59 flexes out to draw liquid into the pump cham- 
ber P1. By applying positive pressure (through either 

20 valve A3 or A4) to the pump actuator PA1 , the cassette 
diaphragm 59 flexes in to pump liquid from the pump 
chamber P1 (provided, of course, that the associated 
inlet and outlet valves are opened). By modulating the 
time period during which pressure is applied, the pump- 

25 ing force can be modulated between full strokes and 
partial strokes with respect to the pump chamber P1. 
[021 1] The second actuating network 232 operates 
like the first actuating network 230, except it serves the 
second pump actuator PA2 and its associated valve 

so actuators VA3; VA4; VA5; VA6; and VA7. 

[021 2] Like the first actuating network 230, the sec- 
ond actuating network 232 provides high-relative posi- 
tive pressure and high-relative negative pressures to 
the valve actuators VA3; VA4; VA5; VA6; and VA7. 

35 Three way valves D1 ; D2: D3; D4; and D5 in the mani- 
fold assembly 162 control the flow of high-relative posi- 
tive pressure and high-relative negative pressures to 
the valve actuators VA3; VA4; VA5; VA6; and VA7. 
[0213] The high-relative positive pressure region 

40 222 of the main branch tine communicates with the 
valves D1; D2; D3; D4; and D5 through the bridge line 
234, the feeder line 236, and connecting lines 238. 
[0214] The negative pressure branch 212 commu- 
nicates with the valves D1 : D2; D3; D4; and D5 through 

45 connecting lines 340. This branch 212 can be set to a 
high-relative negative pressure condition by setting the 
transducer XNEQ to sense a high-relative pressure cut- 
off. 

[021 5] Like the first actuating network 230, the see- 
so ond actuating network 232 selectively provides either 
high-relative positive and negative pressure or low-rela- 
tive positive and negative pressure to the second pump- 
ing actuator PA2. Two way valve B0 in the manifold 
assembly 162 communicates with the high-relative 
55 pressure feeder line through connecting line 348. Two 
way valve station B1 in the manifold assembly 1 62 com- 
municates with the low-relative positive pressure reser- 
voir through connecting line 349. By selectively 
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operating either valve BO or B1, either high-relative or 
low-relative positive pressure can be supplied to the 
pump actuator PA2. 

[0216] Two way valve B4 communicates with the 
negative pressure branch through connecting line 350. 
By setting the transducer XNEQ to sense either a low- 
relative pressure cut-off or a high-relative pressure cut- 
off, either low-relative or high-relative pressure can be 
supplied to the pump actuator PA2 by operation of valve 
B4. 

[0217] Like the first actuating network 230, by 
applying negative pressure to one or more given valve 
actuators, the associated cassette value station is 
opened to accommodate liquid flow. By applying posi- 
tive pressure to one or more given valve actuators, the 
associated cassette value station is closed to block liq- 
uid flow. In this way, the desired liquid path leading to 
and from the pump chamber P2 can be selected. 
[0218] By applying a negative pressure (through 
valve B4) to the pump actuator PA2, the cassette dia- 
phragm flexes out to draw liquid into the pump chamber 
P2. By applying a positive pressure (through either 
valve BBO or B1 ) to the pump actuator PA2, the cassette 
diaphragm flexes in to move liquid from the pump cham- 
ber P2 (provided, of course, that the associated inlet 
and outlet valves are opened). By modulating the time 
period during which pressure is applied, the pumping 
force can be modulated between full strokes and partial 
strokes with respect to the pump chamber P2. 
[0219] The first and second actuating networks 
230/232 can operate in succession, one drawing liquid 
into pump chamber P1 while the other pump chamber 
P2 pushes liquid out of pump chamber P2, or vice 
versa, to move liquid virtually continuously from the 
same source to the same destination. 
[0220] The first and second actuating networks 
230/232 can also operate to simultaneously move one 
liquid through pump chamber P1 while moving another 
liquid through pump chamber P2. The pump chambers 
P1 and P2 and serve the same or different destinations. 
[0221] Furthermore, with additional reservoirs, the 
first and second actuation networks 232/232 can oper- 
ate on the same or different relative pressure condi- 
tions. The pump chamber P1 can be operated with low- 
relative positive and negative pressure, while the other 
pump chamber P2 is operated with high-relative positive 
and negative pressure. 

c. Liquid Volume Measurement 

[0222] As Fig. 24 shows, the pressure regulating 
system 200 also includes a network 350 that works in 
conjunction with the controller 16 for measuring the liq- 
uid volumes pumped through the cassette. 
[0223] The liquid volume measurement network 
350 includes a reference chamber of known air volume 
(Vq) associated with each actuating network. Reference 
chamber VS1 is associated with the first actuating net- 



work. Reference chamber VS2 is associated with the 
second actuating network. 

[0224] The reference chambers VS1 and VS2 may 
be incorporated at part of the manifold assembly 162, 

5 as Fig. 20 shows. 

[0225] In a preferred arrangement (as Fig. 14B 
shows), the reference chambers VS1 and VS2 are car- 
ried by the piston element 102' itself, or at another 
located close to the pump actuators PA1 and PA2 within 

10 the cassette holder 100. 

[0226] In this way, the reference chambers VS1 and 
VS2, like the pump actuators PA1 and PA2, exposed to 
generally the same temperature conditions as the cas- 
sette itself. 

is [0227] Also in the illustrated and preferred embodi- 
ment, inserts 117 occupy the reference chambers VS1 
and VS2. Like the inserts 117 carried within the pump 
actuators PA1 and PA2, the reference chamber inserts 
1 17 are made of an open cell foam material. By damp- 

20 ening and directing the application of pneumatic pres- 
sure, the reference chamber inserts 117 make 
measurement of air volumes faster and less compli- 
cated. 

[0228] Preferably, the insert 117 also includes a 
25 heat conducting coating or material to help conduct 
heat into the reference chamber VS1 and VS2. In the 
illustrated embodiment, a thermal paste is applied to the 
foam insert. 

[0229] This preferred arrangement minimizes the 
30 effects of temperature differentials upon liquid volume 
measurements. 

[0230] Reference chamber VS1 communicates with 
the outlets of valves AO; A3: and A4 through a normally 
closed two way valve A2 in the manifold assembly 162. 
35 Reference chamber VS1 also communicates with a vent 
352 through a normally closed two way valve A1 in the 
manifold assembly 162. 

[0231] Transducer XVS1 in the manifold assembly 
162 senses the amount of air pressure present within 
40 the reference chamber VS1. Transducer XP1 senses 
the amount of air pressure present in the first pump 
actuator PA1. 

[0232] Likewise, reference chamber VS2 communi- 
cates with the outlets of valve B0; B1 ; and B4 through a 

45 normally closed two way valve B2 in the manifold 
assembly 162. Reference chamber VS2 also communi- 
cates with a filtered vent 356 through a normally closed 
two way valve B3 in the manifold assembly 1 62. 
[0233] Transducer XVS2 in the manifold assembly 

so 162 senses the amount of air pressure present within 
the reference chamber VS2. Transducer XP2 senses 
the amount of air pressure present in the second pump 
actuator PA2. 

[0234] The controller 16 operates the network 350 
55 to perform an air volume calculation twice, nee during 
each draw (negative pressure) cycle and once again 
during each pump (positive pressure) cycle of each 
pump actuator PA1 and PA2. 
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[0235] The controller 16 operates the network 350 
to perform the first air volume calculation after the oper- 
ating pump chamber is filled with the liquid to be 
pumped (i.e., after its draw cycle). This provides an ini- 
tial air volume (V|). 5 
[0236] The controller 16 operates the network 350 
to perform the second air volume calculation after mov- 
ing fluid out of the pump chamber (i.e.. after the pump 
cycle). This provides a final air volume (Vj). 
[0237] The controller 16 calculates the difference 10 
between the initial air volume Vj and the final air volume 
V, to derive a delivered liquid volume (Vd), where: 

15 

[0238] The controller 16 accumulates V d for each 
pump chamber to derive total liquid volume pumped 
during a given procedure. The controller 16 also applies 
the incremental liquid volume pumped over time to 
derive flow rates. 20 
[0239] The controller 16 derives Vj in this way 
(pump chamber P1 is used as an example): 

(1) The controller 16 actuates the valves CO to C4 
to close the inlet and outlet passages leading to the 25 
pump chamber P1 (which is filled with liquid). 
Valves A2 and A1 are normally closed, and they are 
kept that way. 

(2) The controller 16 opens valve A1 to vent refer- 
ence chamber VS1 to atmosphere. The controller 30 
16 then conveys positive pressure to the pump 
actuator PA1, by opening either valve A3 (low-refer- 
ence) or A4 (high-reference), depending upon the 
pressure mode selected for the pump stroke. 

(3) The controller 16 closes the vent valve A1 and 35 
the positive pressure valve A3 or A4, to isolate the 
pump chamber PA1 and the reference chamber 
VS1. 

(4) The controller 16 measures the air pressure in 
the pump actuator PA1 (using transducer XP1) 40 
(IP d1 ) and the air pressure in the reference cham- 
ber VS1 (using transducer XVS1) (IP s1 ). 

(5) The controller 16 opens valve A2 to allow the 
reference chamber VS1 to equilibrate with the 
pump chamber PA1 . 45 

(6) The controller 16 measures the new air pres- 
sure in the pump actuator PA1 (using transducer 
XP1) (IPd2) and the new air pressure in the refer- 
ence chamber (using transducer XVS1) (IP s2 )- 

(7) The controller 16 closes the positive pressure 
valve A3 or A4. • 

(8) The controller 16 calculates initial air volume Vj 
as follows: 

,= ( ,P d2-IPdl) 



After the pump chamber P 1 is emptied of liquid, 
the same sequence of measurements and calcula- 
tions are made to derive V fl as follows: 

(9) Keeping valve stations A2 and A1 closed, the 
controller 16 actuates the valves CO to C4 to close 
the inlet and outlet passages leading to the pump 
chamber P1 (which is now emptied of liquid). 

(10) The controller 16 opens valve A1 to vent refer- 
ence chamber VS1 to atmosphere, and then con- 
veys positive pressure to the pump actuator PA1 , by 
opening either valve*A3 (low-reference) or A4 (high- 
reference), depending upon the pressure mode 
selected for the pump stroke. 

(11) The controller 16 closes the vent valve A1 and 
the positive pressure valve A3 or A4, to isolate the 
pump actuator PA1 and the reference chamber 
VS1. 

(12) The controller 16 measures the air pressure in 
the pump actuator PA1 (using transducer XP1) 
(FP d1 ) and the air pressure in the reference cham- 
ber VS1 (using transducer XVS1) (FP 8 i). 

(13) The controller 16 opens valve A2, allowing the 
reference chamber VS1 to equilibrate with the 
pump actuator. 

(14) The controller 16 measures the new air pres- 
sure in the pump actuator PA1 (using transducer 
XP1) (FP d2 ) and the new air pressure in the refer- 
ence chamber (using transducer XVS1) (FP 82 ). 

(15) The controller 16 closes the positive pressure 
valve A3 or A4. 

(16) The controller 16 calculates final air volume V f 
as follows: 

v (FPsi-FPs 2 rVs 
V,S (FP^-FP^) 

[0240] The liquid volume delivered (Vd) during the 
preceding pump stroke is: 

V d = V f -V, 

[0241] Preferably, before beginning another pump 
stroke, the operative pump actuator is vented to atmos- 
phere (by actuating valves A2 and A1 for pump actuator 
PA1 , and by actuating valves B2 and B3 for pump actu- 
ator PA2). 

[0242] The controller 1 6 also monitors the variation 
of V d over time to detect the presence of air in the cas- 
50 sette pump chamber P1/P2. Air occupying the pump 
chamber P1/P2* reduces the capacity of the chamber to 
move liquid. If V d decrease over time, or if V d falls below 
a set expected value, the controller 16 attributes this 
condition to the buildup of air in the cassette chamber. 
55 [0243] When this condition occurs, the controller 16 
conducts an air removal cycle, in which liquid flow 
through the affected chamber is channeled through the 
top portion of the chamber to the drain or to the heater 
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bag for a period of time. The air removal cycle rids the 
chamber of excess air and restores V d to expected val- 
ues. 

[0244] In another embodiment, the controller 16 
periodically conducts an air detection cycle. In this 
cycle, the controller 16 delivers fluid into a given one of 
the pump chambers P1 and P2. The controller 16 then 
closes all valve stations leading into and out of the given 
pump chamber, to thereby trap the liquid within the 
pump chamber. 

[0245] The controller 1 6 then applies air pressure to 
the actuator associated with the pump chamber and 
derives a series of air volume V; measurements over a 
period of time in the manner previously disclosed. Since 
the liquid trapped within the pump chamber is relatively 
incompressible, there should be virtually no variation in 
the measured Vj during the time period, unless there is 
air present in the pump chamber. If Vj does vary over a 
prescribed amount during the time period, the controller 
16 contributes this to the presence of air in the pump 
chamber. 

[0246] When this condition occurs, the controller 16 
conducts an air removal cycle in the manner previously 
described. 

[0247] The controller 1 6 performs the liquid volume 
calculations assuming that the temperature of the refer- 
ence chamber VS1/VS2 does not differ significantly 
from the temperature of the pump chamber P1/P2. 
[0248] One way to minimize any temperature differ- 
ence is to mount the reference chamber as close to the 
pump chamber as possible. Fig. 14B shows this pre- 
ferred alternative, where the reference chamber is phys- 
ically mounted on the piston head 1 16. 
[0249] Temperature differences can also be 
accounted for by applying a temperature correction fac- 
tor (Ft) to the known air volume of the reference cham- 
ber V 8 to derive a temperature-corrected reference air 
volume V 6t , as follows: 

V = f * V 
v st - r t V 3 



temperature sensors associated with the cassette and 
the reference chamber. 

[0252] Because liquid volume measurements are 
derived after each pumping stroke, the same accuracy 
5 is obtained for each cassette loaded into the cycler, 
regardless of variations in tolerances that may exist 
among the cassettes used. 

III. THE CYCLER CONTROLLER 16 

10 

[0253] Figs. 9; 10; 1 7; and 1 8 show the cycler con- 
troller 16. 

[0254] The controller 1 6 carries out process control 
and monitoring functions for the cycler 14. The control- 

15 ler 16 includes a user interlace 367 with a display 
screen 370 and keypad 368. The user interface 367 
receives characters from the keypad 368, displays text 
to a display screen 370, and sounds the speaker 372 
(shown in Figs. 9 and 10). The interface 367 presents 

20 status information to the user during a therapy session. 
The interface 367 also allows the user to enter and edit 
therapy parameters, and to issue therapy commands. 
[0255] In the illustrated embodiment, the controller 
16 comprises a central microprocessing unit (CPU) 358. 

25 The CPU is etched on the board 184 carried on stand 
off pins 182 atop the second module 88. Power har- 
nesses 360 link the CPU 358 to the power supply 90 
and to the operative elements of the manifold assembly 
162. 

30 [0256] The CPU 358 employs conventional real- 
time multi-tasking to allocate CPU cycles to application 
tasks. A periodic timer interrupt (for example, every 10 
milliseconds) preempts the executing task and sched- 
ules another that is in a ready state for execution. If a 

35 reschedule is requested, the highest priority task in the 
ready state is scheduled. Otherwise, the next task on 
the list in the ready state is scheduled. 
[0257] The following provides an overview of the 
operation of the cycler 1 4 under the direction of the con- 

40 trollerCPU358. 



where: 



(A)Thp U$ertnterfapg 



F 

R« 



and where: 



C t is the absolute temperature of the cassette 
(expressed in degrees Rankine or Kelvin), and 
R t is the temperature of the reference chamber 
(expressed in the seme units as CJ. 

[0250] In this mbodiment, the network substitutes 
V 8t for V e in the above volume derivation calculations. 
[0251] The value of F, can be computed based 
upon actual, real time temperature calculations. using 
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1. System Power Up/MAIN MENU (Flo. 25) 

[0258] When power is turned on, the controller 16 
runs through an INITIALIZATION ROUTINE. 
[0259] During the initialization routine, the controller 
16 verifies that its CPU 358 and associated hardware 
are working. If these power-up tests fail, the controller 
1 6 enters a shutdown mode. 
[0260] If the power-up tests succeed, the controller 
16 loads the therapy and cycle settings saved in non- 
volatile RAM during the last power-down. The controller 
16 runs a comparison to determine whether theme set- 
tings, as loaded, are corrupt. 
[0261 ] If the therapy and cycle settings loaded from 
RAM are not corrupt, the controller 16 prompts the user 
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to press the GO key to begin a therapy session. 
[0262] When the user presses the GO key. the con- 
troller 16 displays the MAIN MENU. The MAIN MENU 
allows the user to choose to (a) select the therapy and 
adjust the associated cycle settings; (b) review the ultra- 
filtrate figures from the last therapy session, and (c) 
start the therapy session based .upon the current set- 
tings. 

2. THERAPY SELECTION MENU (Fig, 26) 



THERAPY VALUE VERIFICATION ROUTINE places 
the user back in the ADJUST CYCLE SUBMENU and 
identifies the therapy parameter that is most likely to be 
wrong. The user is required to program a reasonable 
5 therapy before leaving the ADJUST CYCLE SUBMENU 
and begin a therapy session. 
[0269] Once the modality is selected and verified, 
the controller 16 returns to user to the MAIN MENU. 

10 3. REVIEW ULTR AFI L TRAT IO N MENU 



[0263] With choice (a) of the MAIN MENU selected, [0270] With choice (b) of the MAIN MENU selected, 

the controller 16 displays the THERAPY SELECTION the controller 16 displays the REVIEW ULTRAFILTRA- 

MENU. This menu allows the user to specify the APD TION MENU (see Fig. 25). 

modality desired, selecting from CCPD, IPD, and TPD is [0271] This Menu displays LAST UF, which is the 

(with an without full drain phases). total volume of ultrafiltrate generated by the pervious 

[0264] The user can also select an ADJUST therapy session. For CCPD and IPD modalities, the 

CYCLE SUBMENU. This submenu allows the user to user can also select to ULTRAFILTRATION REPORT, 

select and change the therapy parameters. This Report provides a cycle by cycle breakdown of the 

[0265] For CCPD and IPD modalities, the therapy 20 ultrafiltrate obtained from the previous therapy session, 
parameters include the THERAPY VOLUME, which is 

the total dialysate volume to be infused during the ther- 4. SET-UP PROMPTS/LEAK TESTING 
apy session (in ml); the THERAPY TIME, which is the 

total time allotted for the therapy (in hours and minutes); [0272] With choice (c) of the MAIN MENU selected, 

the FILL VOLUME, which is the volume to be infused 25 the controller 16 first displays SET-UP PROMPTS to the 

during each fill phase (in ml), based upon the size of the user (as shown in Fig. 27). 

patient's peritoneal cavity; the LAST FILL VOLUME, [0273] The SET-UP PROMPTS first instruct the 

which is the final volume to be left in the patient at the user to LOAD SET. The user is required to open the 

end of the session (in ml); and SAME DEXTROSE (Y door; load a cassette; close the door; and press GO to 

OR N), which allows the user to specify a different dex- 30 continue with the set-up dialogue, 

trose concentration for the last fill volume. [0274] When the user presses GO, the controller 1 6 

[0266] For the TPD modality, the therapy parame- pressurizes the main bladder and occluder bladder and 

tens include THERAPY VOLUME, THERAPY TIME, tests the door seal. 

LAST FILL VOLUME, AND SAME DEXTROSE (Y OR [0275] If the door seal fails, the controller 16 

N), as above described. In TPD, the FILL VOLUME 35 prompts the user to try again. If the door continues to fail 

parameter is the initial tidal ffll volume (in ml). TPD a predetermined period of times, the controller 16 raises 

includes also includes as additional parameters TIDAL a SYSTEM ERROR and shuts down. 

VOLUME PERCENTAGE, which is the fill volume to be [0276] If the door seal is made, the SET-UP 

infused and drained periodically, expressed as a per- PROMPTS next instruct the user to CONNECT BAGS, 

centage of the total therapy volume; TIDAL FULL 40 The user is required to connect the bags required for the 

DRAINS, which is the number of full drains in the ther- therapy session; to unclamp the liquid tubing lines being 

apy session; and TOTAL UF, which is the total ultrafil- use and assure that the liquid lines that are not 

trate expected from the patient during the session (in remained clamped (for example, The selected therapy 

ml), based upon prior patient monitoring. may not require final fill bags, so liquid lines to these 

[0267] The controller 16 includes a THERAPY 45 bags should remain clamped). Once the user accom- 

LIMIT TABLE. This Table sets predetermined maximum plishes these tasks, he/she presses GO to continue with 

and minimum limits and permitted increments for the the set-up dialogue. 

therapy parameters in the ADJUST CYCLE SUBMENU. [0277] When GO is pressed, the controller 16 

[0268] The controller 16 also includes a THERAPY checks which lines are clamped and uses the pro- 

VALUE VERIFICATION ROUTINE. This routine checks so grammed therapy parameters to determine which lines 

the parameters selected to verify that a reasonable ther- should be primed. The controller 1 6 primes The appro- 

apy session has been programmed. The THERAPY prlate lines. Priming removes air from the set lines by 

VALUE VERIFICATION ROUTINE checks to assure delivering air and liquid from each bag used to the drain, 

that the selected therapy parameters include a dwell [0278] Next, the controller 16 performs a predeter- 

time of at least one minute; at least one cycle; and for ss mined series of integrity tests to assure that no valves in 

TPD the expected filtrate is not unreasonably large (i.e.. the cassette leak; that there are no leaks between pump 

it is less than 25% of the selected THERAPY VOL- chambers; and that the occluder assembly stops all liq- 

UME). If any of these parameters is unreasonable, the ukJ flow. 
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fo>279] ' The integrity tests first convey the predeter- 
mined high-relative negative air pressure (-34.475 kPa 
as -5.0 psig) to the valve actuators VA1 to VA10. The 
transducer XNEG monitors the change in high-relative 
negative air pressure for a predetermined period. If the 
pressure change over the period exceeds a predeter- 
mined maximum, the controller 16 raises a SYSTEM 
ERROR and shuts down. 

[0280] Otherwise, the integrity tests convey the pre- 
determined high-relative positive pressure (7.0 psig) to 
the valve actuators VA1 to VA10. The transducer 
XHPOS monitors the change in high-relative positive air 
pressure for a predetermined period. If the pressure 
change over the period exceeds a predetermined maxi- 
mum, the controller 16 raises a SYSTEM ERROR and 
shuts down. 

[0281] Otherwise, the integrity tests proceed. The 
valve actuators VA1 to VA1 0 convey positive pressure to 
close the cassette valve stations V1 to V10. The tests 
first convey the predetermined maximum high-relative 
negative pressure to pump actuator PA1, while convey- 
ing the predetermined maximum high-relative positive 
pressure to pump actuator PA2: The transducers XP1 
and XP2 monitor the pressures in the respective pump 
actuators PA1 and PA2 for a predetermined period. If 
pressure changes over the period exceed a predeter- 
mined maximum, the controller 16 raises a SYSTEM 
ERROR and shuts down. 

[0282] Otherwise, the tests next convey the prede- 
termined maximum high-relative positive pressure to 
pump actuator PA1 , while -conveying the predetermined 
maximum high-relative negative pressure to pump actu- 
ator PA2. The transducers XP1 and XP2 monitor the 
pressures in the respective pump actuators PA1 and 
PA2 for a predetermined period. If pressure changes 
over the period exceed a predetermined maximum, the 
controller 16 raises a SYSTEM ERROR and shuts 
down. 

[0283] Otherwise, power to valve C6 is interrupted. 
This vents the occluder bladder 152 and urges the 
occluder blade and plate 144/148 together, crimping 
cassette tubing 26 to 34 closed. The pump chambers 
P1 and P2 are operated at the predetermined maximum 
pressure conditions and liquid volume measurements 
taken in the manner previously described. If either 
pump chamber P1/P2 moves liquid pass the closed 
occluder blade and plate 144/148, the controller 16 
raises a SYSTEM ERROR and shuts down. 
[0284] If all integrity tests succeed, the SET-UP 
PROMPTS next instruct the user to CONNECT 
PATIENT. The user is required to connect the patient 
according to the. operator manual and press GO to 
begin the dialysis therapy session selected. 
[0285] The controller ' S begins the session and dis- 
plays the RUN TIME MENU. 



5. RUN TIME MENU 

[0286] Attention is new directed to Fig. 28. 
[0287] The RUN TIME MENU is the active therapy 
5 interface. The RUN TIME MENU provides an updated 
real-time status report of the current progress of the 
therapy session. 

[0288] The RUN TIME MENU includes the CYCLE 
STATUS, which identifies the total number of 

10 fill/dwell/drain phases to be conducted and the present 
number of the phase underway (e.g., Fill 3 of 10); the 
PHASE STATUS, which displays the present fill volume, 
counting up from 0 ml; the ULTRAFILTRATION STA- 
TUS, which displays total ultraf iltrate accumulated since 

is the start of the therapy session; the TIME, which is the 
present time; and FINISH TIME, which is the time that 
the therapy session is expected to end. 
[0289] Preferably, the user can also select in the 
RUN TIME MENU an ULTRAFILTRATION STATUS 

20 REVIEW SUBMENU, which displays a cycle by cycle 
breakdown of ultrafiltration accumulated. 
[0290] From the RUN TIME MENU, the user can 
also select to STOP. The controller 16 interrupts the 
therapy session and displays the STOP SUBMENU. 

25 The STOP SUBMENU allows the user to REVIEW the 
programmed therapy parameters and make change to 
the parameters; to END the therapy session; to CON- 
TINUE the therapy session; to BYPASS the present 
phase; to conduct a MANUAL DRAIN; or ADJUST the 

30 intensity of the display and loudness of alarms. 

[0291] REVIEW restricts the type of changes that 
the user can make to the programmed parameters. For 
example, in REVIEW, the user cannot adjust parame- 
ters above or below a maximum specified amounts. 

3$ [0292] CONTINUE returns the user to the RUN 
TIME MENU and continue the therapy session where it 
left off. 

[0293] The controller 16 preferably also includes 
specified time-outs for the STOP SUBMENU. For exam- 

40 pie, if the user does not take any action in the STOP 
SUBMENU for 30 minutes, the controller 16 automati- 
cally executes CONTINUE to return to the RUN TIME 
MENU and continue the therapy session. If the user 
does not take any action for 2 minutes after selecting 

45 REVIEW, the controller 16 also automatically executes 
CONTINUE. 

6. Background Monitoring Routine/System Errors 

so [0294] The controller 1 6 includes a BACKGROUND 
MONITORING ROUTINE that verifies system integrity 
at a predetermined intervals during the therapy session 
(e.g., every 10 seconds) (as Fig. 29 shows). 
[0295] The BACKGROUND MONITORING ROU- 

55. TINEindudes 

BAG OVER TEMP, which verifies 4hat the heater 
. bag is not too hot (e.g., not over 44 degrees C); 
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DELIVERY UNDER TEMP, which verifies that the 
liquid delivered to the patient is not too cold (e.g. 
. less than 33 degrees C); 
DELIVERY OVER TEMP, which verifies that the liq- 
uid delivered to the patient is not too hot (e.g, over 
38 degrees C); 

MONITOR TANKS, which verifies that the air tanks 
are at their operating pressures (e.g., positive tank 
pressure at 7.5 psi +/- 0.7 psi; patient tank at 5.0 psi 
+/- 0.7 psi, except for heater to patient line, which is 
1 .5 psi +/- 0.2 psi; negative tank pressure at -5.0 psi 
+/- 0.7psi, except for patient to drain line, which is at 
-0.8 psi 4/- 0.2 psi) [i psi = 6 • 895 kPa] 
CHECK VOLTAGES, which verify that power sup- 
plies are within their noise and tolerance specs; 
VOLUME CALC, which verifies the volume calcula- 
tion math; and 

CHECK CPU. checks the processor and RAM. 

[0296] When the BACKGROUND MONITORING 
ROUTINE senses an error, the controller 16 raises a 
SYSTEM ERROR. Loss of power also raises a SYS- 
TEM ERROR. When SYSTEM ERROR occurs, the con- 
troller 16 sounds an audible alarm and displays a 
message informing the user about the problem sensed. 
[0297] When SYSTEM ERROR occurs, the control- 
ler 16 also shuts down the cycler 14. During shut down, 
the controller 16 ensures that atl liquid delivery is 
stopped, activates the occluder assembly, closes all liq- 
uid and air valves, turns the heater plate elements off. If 
SYSTEM ERRORoccurs due to power failure, the con- 
troller 16 also vents the emergency bladder, releasing 
the door. 

7. SELF-DIAGNO STICS AND TROUBLE SHOOTING 

[0298] According to the invention, the controller 16 
monitors and controls pneumatic pressure within the 
internal pressure distribution system 86. Based upon 
pneumatic pressure measurements, the controller 16 
calculates the amount and flow rate of liquid moved. 
The controller does not require an additional external 
sensing devices to perform any of its control or meas- 
urement functions. 

[0299] As a result, the system 1 0 requires no exter- 
nal pressure, weight, or flow sensors for the tubing 26 to 
34 or the bags 20/22 to monitor and diagnose liquid flow 
conditions. The same air pressure that moves liquid 
through the system 10 also serves to sense and diag- 
nose all relevant external conditions affecting liquid flow, 
like an empty bag condition, a full bag condition, and an 
occluded line, condition., 

[0300] Moreover, strictly by monitoring the pneu- 
matic pressure, the controller 16 is able to distinguish a 
flow problem emanating from a liquid source from a flow 
problem emanating from a liquid destination. 
[0301] Based upon the liquid volume measure- 
ments derived by the measurement network 350, the 



controller 16 also derives liquid flow rate. Based upon 
values and changes in derived liquid flow rate, the con- 
troller 16 can detect an occluded liquid flow condition. 
Furthermore, based upon derived liquid flow rates, the 

s controller can diagnose and determine the cause of the 
occluded liquid flow condition. 
[0302] The definition of an "occluded flow" condition 
can vary depending upon the APD phase being per- 
formed. For example, in a fill phase, an occluded flow 

10 condition can represent a flow rate of less than 20 
ml/min. In a drain phase, the occluded flow condition 
can represent a flow rate of less than 10 ml/min. in a 
bag to bag liquid transfer operation, an occluded flow 
condition can represent a flow rate of less than 25 

15 ml/min. Occluded flow conditions for pediatric APD ses- 
sions can be placed at lower set points. 
[0303] When the controller 1 6 detects an occluded 
flow condition, it implements the following heuristic to 
determine whether the occlusion is attributable to a 

20 given liquid source or a given liquid destination. 

[0304] When the controller 16 determines that the 
cassette cannot draw liquid from a given liquid source 
above the occluded flow rate, the controller 16 deter- 
mines whether the cassette can move liquid toward the 

25 source above the occluded flow rate (i.e., it determines 
whether the liquid source can serve as a liquid destina- 
tion). If it can, the controller 16 diagnoses the condition 
as an empty liquid source condition. 
[0305] When the controller 16 determines that the 

30 cassette cannot push liquid toward a given destination 
above the occluded flow rate, H determines whether the 
cassette can draw liquid from the destination above the 
occluded flow rate (i.e., it determines whether the liquid 
destination can serve as a liquid source), rf it can, the 

3$ controller diagnoses the condition as being a full liquid 
destination condition. 

[0306] When the controller 16 determines that the 
cassette can neither draw or push liquid to or from a 
given source or destination above the occluded flow 
40 rate, the controller 16 interprets the condition as an 
occluded line between the cassette and the particular 
source or destination. 

[0307] In this way, the system 10 operates by con- 
trolling pneumatic fluid pressure, but not by reacting to 
45 external fluid or liquid pressure or flow sensing. 

8. ALARMS 

[0308] With no SYSTEM ERRORS, the therapy 
so session automatically continues unless the controller 1 6 
raises an ALARM1 • or ALARM2. Fig. 30 shows the 
ALARM 1 and ALARM2 routines. 
[0309] The controller 16 raises ALARM 1 in situa- 
tions that require user intervention to correct The con- 
55 troller 16 raises ALARM 1 when the controller 16 senses 
no supply liquid; or when the cycler 14 is not level. 
When ALARM 1 occurs, the controller 16 suspends the 
therapy session and sounds an audible alarm. The con- 
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Vofler 16 also displays an ALARM MENU that informs 
the user about the condition that should be corrected. 
[0310] The ALARM MENU gives the user the 
choice to correct the condition and CONTINUE; to END 
the therapy; or to BYPASS (i.e., ignore) the condition s 
and resume the therapy session. 
[0311] The controller 16 raises ALARM2 in situa- 
tions that are anomalies but will typically correct them- 
selves with minimum or no user intervention. For 
example, the controller 16 raises ALARM2 when the 10 
controller 16 initially senses a low flow or an occluded 
lines. In this situation, the patient might have rolled over 
onto the catheter and may need only to move to rectify 
the matter. 

[0312] When ALARM2 occurs, the controller 16 15 
generates a f irst audible signal (e.g., 3 beeps). The con- 
troller 16 then mutes the audible signal for 30 seconds. 
If the condition still exists after 30 second, the controller 
16 generates a second audible signal (e.g., 8 beeps) 
The controller 16 again mutes the audible signal. K the 20 
condition still exists 30 seconds later, the controller 16 
raises an ALARM 1, as described above. The user is 
then required to intervene using the ALARM MENU. 

9. POST THERAPY PROMPTS 25 

[0313] The controller 16 terminates the session 
when (a) the prescribed therapy session is successfully 
completed; (b) the user selects END in the STOP SUB- 
MENU or the ALARM MENU; or (c) a SYSTEM ERROR 30 
condition occurs (see Fig. 31). 
[031 4] When any of these events occur, the control- 
ler 1 6 displays POST THERAPY PROMPTS to the user. 
The POST THERAPY PROMPTS inform the user 
THERAPY FINISHED, to CLOSE CLAMPS, and to DIS- 35 
CONNECT PATIENT The user presses GO to advance 
the prompts. 

[0315] Once the user disconnects the patient and 

presses GO, the controller 16 displays PLEASE WAIT 

and depressurizes the door. Then the controller 1 6 then 40 

directs the user to REMOVE SET 

[031 6] Once the user removes the set and presses 

GO, the controller 16 returns to user to the MAIN 

MENU. 

45 

(B) Controlling an APD Therapy Cycle 
1. FIII Phase 

[031 7] In the fill phase of a typical three phase APD so 
cycle, the cycler 14 transfers waned dialysate from the 
heater bag 22 to the patient. 
[0318] The heater bag 22 is attached to the first 
(uppermost) cassette port 27. The patient line 34 is 
attached to the fifth (bottommost) cassette port 35. ss 
[0319] As Fig. 32 shows, the fill phase involves 
drawing warmed dialysate into cassette pump chamber 
P1 through primary liquid part F1 via branch liquid path 



F6. Then, pump chamber P1 expels the heated dia- 
lysate through primary liquid path F5 via branch liquid 
pathF8. 

[0320] To expedite pumping operations, the control- 
ler 16 preferably works pump chamber P2 in tandem 
with pump chamber Pi. The controller 16 draws heated 
dialysate into pump chamber P2 through primary liquid 
path F1 via branch liquid path F7. Then, pump chamber 
P2 expels the heated dialysate through primary liquid 
path F5 through branch liquid path F9. 
[0321 ] The controller 1 6 works pump chamber P 1 in 
a draw stroke, while working pump chamber P2 in a 
pump stroke, and vice versa. 
[0322] In this sequence, heated dialysate is always 
introduced into the top portions of pump chambers P1 
and P2. The heated dialysate is always discharged 
through the bottom portions of pump chambers P1 and 
P2 to the patient free of air. 

[0323] Furthermore, during liquid transfer directly 
with the patient, the controller 16 can supply only low- 
relative positive and negative pressures to the pump 
actuators PA1 and PA2. 

[0324] In carrying out this task, the controller 16 
alternates the following sequences 1 and 2: 

1. Perform pump chamber P1 draw stroke (drawing 
a volume of heated dialysate into pump chamber 
P1 from the heater bag), while performing pump 
chamber P2 pump stroke (expelling a volume of 
heated dialysate from pump chamber P2 to the 
patient). 

(i) Open inlet path F1 to pump chamber P1, 
while closing inlet path F1 to pump chamber 
P2. Actuate valve CO to supply high-relative 
negative pressure to valve actuator VA1 , open- 
ing cassette valve station V1. Actuate valves 
C1 ; D1 ; and D2 to supply high-relative positive 
pressure to valve actuators VA2; VA3: and VA4, 
closing cassette valve station V2; V3; and V4. 

(ii) Close outlet path F5 to pump chamber P1, 
while opening outlet path F5 to pump chamber 
P2. Actuate valves C2 to C4 and D3 to D5 to 
supply high-relative positive pressure to valve 
actuators VA8 to V10 and VA5 to VA7, closing 
cassette valve stations V8 to V1 0 and V5 to V7. 
Actuate valve D5 to supply high-relative nega- 
tive pressure to valve actuator VA7, opening 
cassette valve station Ml. 

(iii) Rex the diaphragm underlying actuator 
PA1 out. Actuate valve AO to supply k>w*rela- 
tive negative pressure to pump actuator PA1 . 

(iv) Flex the diaphragm underlying actuator 
PA2 in. Actuate valve B1 to supply low-relative 
positive pressure to pump actuator PA2. 

2. Perform pump chamber P2 draw^stroke (drawing 
a volume of heated dialysate Into pump chamber 
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F>2 from the heater bag), while performing pump 
chamber P1 pump stroke (expelling a volume of 
heated dialysate from pump chamber P1 to the 
patient). 

5 

(i) Open inlet path F1 to pump chamber P2, 
while closing inlet path F1 to pump Camber 
P1. Actuate valves CO; C1; and D2 to supply 
high-relative positive pressure to valve actua- 
tors VA1 ; VA2; and VA4, closing cassette valve io 
stations V1; V2; and V4. Actuate valve D1 to 
supply high-relative negative pressure to valve 
actuator VA3, opening cassette valve station 
V3. 

00 Close outlet path F5 to pump chamber P2, 15 
while opening outlet path F5 to pump chamber 
PI. Actuate valve C2 to supply high-relative 
negative pressure to valve actuator VA8, open- 
ing cassette valve station V8. Actuate valves 
D3 to D5; C2; and C4 to supply high-relative 20 
positive pressure to valve actuators VA5 to 
VA7; V9; and V10, dosing cassette valve sta- 
tions V5 to V7; V9; and V10. 

(iii) Flex the diaphragm underlying actuator 
PA1 in. Actuate valve A3 to supply low-relative 25 
positive pressure to pump actuator PA1. 

(iv) Flex the diaphragm underlying actuator 
PA2 out Actuate valve B4 to supply low-rela- 
tive negative pressure to pump actuator PA2. 

30 

2. Dwell Phjisg 

[03251 Once the programmed fill volume has been 
transferred to the patient, the cycler 14 enters the sec- 
ond or dwell phase. In this phase, the cycler 14 replen- 35 
ishes the heater bag by supplying fresh dialysate from a 
source bag. 

[0326] The heater bag is attached to the first 
(uppermost) cassette port The source bag line is 
attached to the fourth cassette port immediately above 40 
the patient line. 

[0327] As Fig. 33 shows, the replenish heater bag 
phase involves drawing fresh dialysate into cassette 
pump chamber PI through primary liquid path F4 via 
branch liquid path F8. Then, pump chamber P1 expels 45 
the dialysate through primary liquid path F1 via branch 
liquid path F6. 

[0328] To expedite pumping operations, the control- 
ler 16 preferably works pump chamber P2 in tandem 
with pump chamber PI. The controller 16 draws fresh so 
dialysate into cassette pump chamber P2 through pri- 
mary liquid path F4 via branch liquid path F9. Then, 
pump chamber P2 expels the dialysate through primary 
liquid path F1 via branch liquid path F7. 
[0329] The controller 16 works pump chamber P1 in ss 
a draw stroke, while working punp chamber P2 in a 
pump stroke, and vice versa. 
.[0330] In this sequence, fresh, dialysate is always 



introduced into the bottom portions of pump chambers 
P1 and P2. The fresh dialysate is always discharged 
through the top portions of pump chambers P1 and P2 
to the heater bag. This allows entrapped air to be 
removed from the pump chancers P1 and P2. 
[0331] Furthermore, since liquid transfer does not 
occur directly with the patient, the controller 1 6 supplies 
high-relative positive and negative pressures to the 
pump actuators PA1 and PA2. 
[0332] In carrying out this task, the controller 16 
alternates the following sequences: 

1. Perform pump chamber P1 draw stroke (drawing 
a volume of fresh dialysate into pump chamber P1 
from a source bag), while performing punp cham- 
ber P2 pump stroke (expelling a volume of fresh 
dialysate from pump chamber P2 to the heater 
bag). 

(i) Open inlet path F4 to pump chamber Pi, 
while closing inlet path F4 to pump chamber 
P2. Actuate valve' C3 to supply high-relative 
negative pressure to valve actuator VA9, open- 
ing cassette valve station V9. Actuate valves 
D3 to D5; C2; and C4 to supply high-relative 
positive pressure to valve actuators VA5 to 
VA8; and VA10, closing cassette valve stations 
V5toV8and V10. 

(ii) Close outlet path F1 to pump chamber P1 , 
while opening outlet path F1 to pump chamber 
P2. Actuate valves CO; C1; and D2 to sipply 
high-relative positive pressure to valve actua- 
tors VA1 ; VA2 and VA4, closing cassette valve 
stations V1; V2; and V4. Actuate valve D1 to 
supply high-relative negative pressure to valve 
actuator VA3, opening cassette valve station 
V3. 

(iii) Flex the diaphragm underlying actuator 
PA1 out. Actuate valve AO to supply high-rela- 
tive negative pressure to punp actuator PA1 . 

(iv) Flex the diaphragm underlying actuator 
PA2 in. Actuate valve B0 to supply high-relative 
positive pressure to pump actuator PA2. 

2. Perform pump chamber P2 draw stroke (drawing 
a volume of fresh dialysate into pump chamber P2 
from a source bag), while performing pump cham- 
ber P1 pump stroke (expelling a volume of fresh 
dialysate from pump chamber P1 to heater bag). 

(0 Close inlet path F4 to pump chancer PI, 
while opening inlet path F4 to pump chancer 
P2. Actuate valve D5.to supply high-relative 
negative pressure to valve actuator VA6, open- 
ing cassette valve station V6. Actuate valves 
C3 to C4; D3; and D5 to supply high-relative 
positive pressure to valve actuators VA5 and 
VA7 to VA10, closing cassette valve stations 
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V5andV7toV10. 

(ii) Open outlet path F1 to pump chamber P1, 
while dosing outlet path F1 to pump chamber 
P2. Actuate valve GO to supply high-relative 
negative pressure to valve actuator VA1 , open- s 
ing cassette valve station V1. Actuate valves 
C1 ; D1 ; and D2 to supply high-relative positive 
pressure to valve actuators VA2 to VA4, closing 
cassette valve station V2 to V4. 

(iii) Flex the diaphragm underlying actuator 10 
PA1 in. Actuate valve A4 to supply high-relative 
positive pressure to pump actuator PA1. 

(iv) Flex the diaphragm underlying actuator 
PA2 out. Actuate valve B4 to supply high-rela- 
tive negative pressure to pump actuator PA2. 15 

3. Drain Phase 

[0333] When the programmed drain phase ends, 
the cycler 14 enters the third or drain phase. In this 20 
phase, the cycler 14 transfers spent dialysate from the 
patient to a drain. 

[0334] The drain line is attached to the second cas- 
sette port. The patient line is attached to the fifth, bot- 
tommost cassette port. 25 
[0335] As Fig. 34 shows, the drain phase involves 
drawing spent dialysate into cassette pump chamber P1 
through primary liquid path F5 via branch liquid path F8. 
Then, pump chamber P1 expels the dialysate through 
primary liquid path F2 via branch liquid path F6. 
[0336] To expedite pumping operations, the control- 
ler 16 works pump chamber P2 in tandem with pump 
chamber Pi. The controller 16 draws spend dialysate 
Into cassette pump chamber P2 through primary liquid 
path F5 via branch liquid path F9. Then, pump chamber 
P2 expels the dialysate through primary liquid path F2 
via branch liquid path F7. 

[0337] The controller 1 6 works pump chamber P 1 in 
a draw stroke, while working pump chamber P2 in a 
pump stroke, and vice versa. 
[0338] In this sequence, spent dialysate is always 
introduced into the bottom portions of pump chambers 
P1 and P2. The spent dialysate is always discharged 
through the top portions of pump chambers P1 and P2 
to the heater bag. This allows air to be removed from the 
pump chambers P1 and P2. 
[0339] Furthermore, since liquid transfer does 
occur directly with the patient, the controller 16 supplies 
low-relative positive and negative pressures to the 
pump actuators PA1 and PA2. 
[0340] In carrying out this task, the controller 16 
alternates the following sequences: 

1 . Perform pump chairfcer P1 draw stroke (drawing 
a volume of spent dialysate into pump chamber P1 
from the patient), while performing pump chamber 
P2 pump stroke (expelling a volume of spent dia- 
lysate from pump chamber P2 to the drain). 



(i) Open inlet path F5 to pump charrtoer P1, 
while closing inlet path F5 to pump chamber 
P2. Actuate valve C2 to supply high-relative 
negative pressure to valve actuator VA8, open- 
ing cassette valve station V8. Actuate valves 
D3 to D5, C3, and C4 to supply high-relative 
positive pressure to valve actuators VA5 to 
VA7, VA9 and VA10, closing cassette valve sta- 
tions V5 to V7, V9, and V10. 

(ii) Close outlet path F2 to pump chamber Pi, 
while opening outlet path F2 to pump chamber 
P2. Actuate valves CO; CI; and D1 to supply 
high-relative positive pressure to valve actua- 
tors VA1 ; VA2 and VA3, closing cassette valve 
stations V1; V2; and V3. Actuate valve D2 to 
supply high-relative negative pressure to valve 
actuator VA4, opening cassette valve station 
V4. 

(iii) Rex the diaphragm underlying actuator 
PA1 out. Actuate valve AQ to supply low-rela- 
tive negative pressure to pump actuator PA1 . 

(iv) Flex the diaphragm underlying actuator 
PA2 in. Actuate valve B1 to supply low-relative 
positive pressure to pump actuator PA2. 

2. Perform pump chamber P2 draw stroke (drawing 
a volume of spent dialysate into pump chamber P2 
from the patient), while performing pump chamber 
P1 pump stroke (expelling a volume of spent dia- 
30 lysate from pump chamber P1 to the drain). 

(0 Close inlet path F5 to pump chamber P1, 
while opening inlet path F5 to pump chamber 
P2. Actuate valve D5 to supply high-relative 
35 negative pressure to valve actuator VA7, open- 

ing cassette valve station V7. Actuate valves 
D3; D4 and C2 to C4 to supply high-relative 
positive pressure to valve actuators VA5; VA6; 
and VA8 to VA10, closing cassette valve sta- 
40 tions V5, V6, and V8 to V10. 

(ii) Open outlet path F2 to pump chamber P1, 
while closing outlet path F2 to pump chamber 
P2. Actuate valve C1 to supply high-relative 
negative pressure to valve actuator VA2, open- 

45 ing cassette vafve station V2. Actuate valves 

CO; D1 ; and D2 to supply high-relative positive 
pressure to valve actuators VA1 ; VA3; and VA4, 
closing cassette valve station V1; V3; and V4. 

(iii) Flex the diaphragm underlying actuator 
so PA1 in. Actuate valve A3 to supply low-relative 

positive pressure to pump actuator PA1 . 

(iv) Flex the diaphragm underlying actuator 
PA2 out. Actuate valve B4 to supply low-rela- 
tive negative pressure to purrp actuator PA2. 

55 

[0341] The . controller 16 senses pressure using 
transducers XP1 and XP2 to determine when the 
patient's peritoneal cavity is empty. 
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[0342] The drain phase is followed by another fill 
phase and dwell phase, as previously described. 

4. last Dwell Phase 

[0343] In some APD procedures, like CCPD, after 
the last prescribed fill/dwell/drain cycle, the cycler 14 
infuses a final fill volume. The final fill volume dwells in 
the patient through the day. It is drained at the outset of 
the next CCPD session in the evening. The final f ill vol- 
ume can contain a different concentration of dextrose 
than the fill volume of the successive CCPD 
fill/dwell/drain fill cycles the cycler 14 provides. The cho- 
sen dextrose concentration sustains ultrafiltration dur- 
ing the day-long dwell cycle. 
[0344] In this phase, the cycler 1 4 infuses fresh dia- 
lysate to the patient from a last fill" bag. The "last fill" 
bag is attached to the third cassette port During the last 
swell phase, the heater bag is emptied, and solution 
from last bag volume is transferred to the heater bag. 
From there, the fast fill solution is transferred to the 
patient to complete the last fill phase. 
[0345] The last dwell phase involves drawing liquid 
from the heater bag into pump chamber P1 through pri- 
mary liquid path F1 via branch path F6. The, the pump 
chamber P1 expels the liquid to the drain through pri- 
mary liquid path F2 via branch liquid path F6. 
[0346] To expedite drainage of the heater bag, the 
controller 16 works pump chamber P2 in tandem with 
pump chamber Pi. The controller 16 draws liquid from 
the heater bag into pump chamber P2 through primary 
liquid path F1 via branch liquid path F7. Then, pump 
chamber P2 expels liquid to the drain through primary 
liquid path F2 via branch liquid path F7. 
[0347] The controller 1 6 works pump chamber P1 in 
a draw stroke, while working pump chamber P2 in a 
pump stroke, and vice versa. 
[0348] Once the heater bag is drained, the control- 
ler 16 draws fresh dialysate from the last fill" bag into 
cassette pump chamber P1 through primary liquid path 
F3 via branch liquid path F8. Then, pump chamber P1 
expels the dialysate to the heater bag through primary 
liquid path F1 via the branch liquid path F6. 
[0349] As before, to expedite pumping operations, 
the controller 16 preferably works pump chamber P2 in 
tandem with pump chamber P1 . The controller 16 draws 
fresh dialysate from the "last fill" bag into cassette pump 
chamber P2 through primary liquid path F3 via branch 
liquid path F9. Then, pump chamber P2 expels the dia- 
lysate through primary liquid path F1 via the branch liq- 
uid path F7. 

[0350] The controller 16 works pump chamber P t in 
a draw stroke, while working pump chamber P2 in a 
pump stroke, and vice versa. 
[0351] In this sequence, fresh dialysate from the 
"last fOI" bag is always introduced into the bottom por- 
tions of pump chambers P1 and P2. The fresh dialysate 
is always discharged through the top portions of pump 



chambers P1 and P2 to the heater bag. This allows air 
to be removed from the pump chambers P1 and P2. 
[0352] Furthermore, since liquid transfer does not 
occur directly with the patient, the controller 1 6 can sup- 
5 ply high-relative positive and negative pressures to the 
pump actuators PA1 and PA2. 
[0353] In carrying out this task, the controller 16 
alternates the following sequences (see Fig. 35): 

10 1. Perform pump chamber P1 draw stroke (drawing 
a volume of fresh dialysate into pump chamber P1 
from the "last fill" bag), while performing pump 
chamber P2 pump stroke (expelling a volume of 
fresh dialysate from pump chamber P2 to the 

is heater bag). 

(i) Open inlet path F3 to pump chamber P1, 
while closing inlet path F3 to pump chamber 
P2. Actuate valve C4 to supply high-relative 

20 negative pressure to valve actuator VA10, 

opening cassette valve station V10. Actuate 
valves D3 to D5; C2; and C3 to supply high-rel- 
ative positive pressure to valve actuators VA5 
to VA9, closing cassette valve stations V5 to 

25 V9. 

(ii) Close outlet path F1 to pump chamber Pi, 
while opening outlet path F1 to pump chamber 
P2. Actuate valves CO; C1 ; and D2 to supply 
high-relative positive pressure to valve actua- 

30 tors VA1 ; VA2 and VA4, dosing cassette valve 

stations V1 ; V2; and V4. Actuate valve D1 to 
supply high-relative negative pressure to valve 
actuator VA3, opening cassette valve station 
V3. 

35 (iii) Flex the diaphragm underlying actuator 

PA1 out. Actuate valve AO to supply high-rela- 
tive negative pressure to pump actuator PA1 . 
(tv) Rex the diaphragm underlying actuator 
PA2 in. Actuate valve B0 to supply high-relative 
40 positive pressure to pump actuator PA2. 

2. Perform pump chamber P2 draw stroke (drawing 
a volume of fresh dialysate into pump chamber P2 
from the "last fill" bag), while performing pump 
45 chamber P1 pump stroke (expelling a volume of 
fresh dialysate from pump chamber P1 to heater 
bag). 

(i) Close inlet path F3 to pump chamber P1, 
so while opening inlet path F3 to pump chamber 

P2. Actuate valve D3 to supply high-relative 
negative pressure to valve actuator VA5, open- 
ing cassette valve station V5. Actuate valves 
C2 to C4 D4; and D5 to supply high-relative 
55 positive pressure to valve actuators VA6 to 

VA10, closing cassette valve stations V6 to 
V10. 

(ii) Open outlet path F1 to pump charrtber PI, 
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while closing outlet path F1 to pump chamber 
P2. Actuate valve CO to supply high-relative 
negative pressure to valve actuator VA1 , open- 
ing cassette valve station V1. Actuate valves 
C1 ; D1 ; and D2 to supply high-relative positive 5 
pressure to valve actuators VA2 to VA4, closing 
cassette valve station V2 to V4. 
(Hi) Rex the diaphragm underlying actuator 
PA1 in. Actuate valve A4 to supply high-relative 
positive pressure to pump actuator PA1 . 10 
(iv) Rex the diaphragm underlying actuator 
PA2 out Actuate valve B4 to supply high-rela- 
tive negative pressure to pump actuator PA2. 

[0354] Once the last fill solution has been heated, it is 
is transferred to the patient in a fill cycle as described 
above (and as Fig. 32 shows). 
[0355] Every important aspect of the APD proce- 
dure is controlled by fluid pressure. Ruid pressure 
moves liquid through the delivery set, emulating gravity 20 
flow conditions based upon either fixed or variable 
headheight conditions. Ruid pressure controls the oper- 
ation of the valves that direct liquid among the multiple 
destinations and sources. Fluid pressure serves to seat 
the cassette within the actuator and provide a failsafe 25 
occlusion of the associated tubing when conditions war- 
rant Fluid pressure is the basis from which delivered 
liquid volume measurements are made, from which air 
entrapped in the liquid is detected and elimination, and 
from which occluded liquid flow conditions are detected 30 
and diagnosed. 

[0356] The cassette serves to organize and main- 
fold the multiple lengths of tubing and bags that perito- 
neal dialysis requires. The cassette also serves to 
centralize all pumping and valving activities required in 35 
an automated peritoneal dialysis procedure, while at the 
same time serving as an effective sterility barrier. 

Claims 

40 

1 . A peritoneal dialysis apparatus comprising a pump- 
ing mechanism (P1,P2,59,V1-VtO) for pumping a 
dialysis liquid, and means (26-36) for establishing 
flow communication between the pumping mecha- 
nism and a patient's peritoneal cavity, 45 
characterised by: 

a liquid distribution cassette (24) including the 
pumping mechanism, which has a diaphragm 
(59) associated with a pump chamber (P 1 ,P2) so 
the cassette having inlet patient and drainage 
flow ports (27,29,35) and means 
(V1,V3,V4,V8) operable to open a fluid path 
(F1.F6.F8) from the inlet port (27) through the . 
pump chamber (P1 ,P2) to the patient port (35), ss 
. whilst closing off flow to the drain port (29), and 
operable to open a flow path (F8,F6,F2) from 
. the patient port through the pump chamber 



(P1.P2) to the drain port (29), whilst closing off 
flow to the inlet port. 

an operating station for the cassette including a 
holder for receiving the cassette (24), 
a pressure actuator (PA1.PA2) mounted within 
the operating station and which contacts the 
diaphragm (59) when the cassette (24) is 
received within the holder, for applying pneu- 
matic pressure to the diaphragm to draw liquid 
into the pump chamber (P1.P2) and to expel 
liquid from the pump chamber, and 
a reference chamber (VS1,VS2) having a 
known volume V 8 mounted within the operating 
station and being in communication with the 
pressure actuator, the reference chamber 
(VS1.VS2), the cassette (24) and pressure 
actuator (PA1,PA2) being exposed to the same 
temperature conditions, 
a liquid volume measurement device including 
first means for deriving an initial air volume 
measurement V r after conveying pneumatic 
pressure to draw liquid into the pump chamber 
by 

(i) closing communication between refer- 
ence chamber and the pressure actuator 
to initialize the reference chamber to a 
measured initial air pressure (IP 81 ) while 
conveying a measured pressure to the 
pressure actuator (IP d1 ); 

(ii) then opening communication between 
the reference chamber and the pressure 
actuator to allow pressure equilibration at a 
measured new air pressure in the pressure 
actuator (IP^ and a measured new air 
pressure in the reference chamber (IP 82 ), 
and 

(iii) then deriving the air volume measure- 
ment Vj as follows: 

1/ V P s1- IP s2)*Vst 

second means for deriving a final air volume 
measurement V f after conveying pneumatic 
pressure to expel liquid from the pump cham- 
ber by 

(0 closing communication between refer- 
ence chamber and the pressure actuator 
to initialize the reference chamber to a 
measured air pressure (FP s1 ) while con- 
veying a measured pressure to the pres- 
sure actuator (FP d1 ); 

(ii) then opening communication between 
. the reference chamber, and the pressure 
actu&tor to allow pressure equilibration at a 
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measured new air pressure in the pressure 
actuator (FP^ and a measured new air 
pressure in the reference chamber (FP^. 
and 

(iii) then deriving the air volume measure- 
ment V f as follows: 



Apparatus according to Claim 2 wherein the means 
for applying a temperature correction factor (FO 
includes first sensing means for sensing tempera- 
ture in the reference chamber and second sensing 
means for sensing temperature in the pump cham- 
ber so that 



hf R, 



10 



and 

third means for deriving a measurement of liq- 
uid volume delivered (VJ by the pumping 
chamber as follows: 15 



V d =v r V, 



Apparatus according to Claim 1 including means for 
applying a temperature correction factor (FJ to the 
known volume of the reference chamber V 8 to 
derive a temperature-corrected reference volume 
V st , as follows: 

V 6 t = F t *V 8 

wherein the first means derives the liquid volume 
measurement Vj as follows: 

(0\*-/P dl ) 

and wherein the second means derives the liquid 
volume measurement V ( as follows: 



where: 



Ct is the temperature sensed by the second 
sensing means in the pumping chamber 
(expressed in degrees RanMne or Kelvin), and 
R< is the temperature senses by the first sens- 
ing means in the reference chamber 
(expressed in the same units as CJ. 
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PatentansprGche 

1 . Vorrichtung zum DurchfQhren der peritonealen Dia- . 
lyse, die einen Pumpenmechanismus (PI; P2, 59, 
V1-V10), urn eine DialyseflQssigkeit zu pumpen, 
und eine Einrichtung (26-36) aufweist, urn eine 
StrOmungsverbindung zwischen dem Pumpen- 
mechnismus und der PeritonealhOhle eines Patien- 
ten auszubilden, 
gekennzeichnetdurch 

eine Flussigkeitsverteiierkassette (24), die den 
Pumpenmechanismus enthait und die folgen- 
des aufweist: eine Membram (59). die einer 
Pumpenkammer (Pi, P2) zugeordnet ist, 
wobet die Kassette einen Einla6anschiu0, 
einen PatientenanschluB und einen Drainage- 
strdmungsanschluB (27, 29, 35) aufweist, 
sowie eine Einrichtung (V1, V3, V4, V8), die 
betatigbar ist, urn einen FlukJstrGmungsweg 
(F1, F6, F8) von dem EinlaBanschluB (27) 
durch die Pumpenkammer (P1. P2) zu dem 
PatientenanschluB (35) zu Offnen, wahrend die 
Strfimung zu dem DrainageanschluB (29) 
abgesperrt wird, und die betatigbar ist, urn 
einen StrOmungsweg (F8, F6, F2) von dem 
PatientenanschluB durch die Pumpenkammer 
(P1, P2) zu dem DrainageanschluB (29) zu Off- 
nen, wahrend die StrOmung zu dem EinlaBan- 
schluB abgesperrt wird, 
eine Arbeitsstation fQr die Kassette, mrt einem 
Halter zur Aufnahme der Kassette (24), 
ein Druckbetatigungsorgan (PA1, PA2), das in 
der Arbeitsstation montiert ist und mit der 
Membran (59) in Kbntakt steht, wenn die Kas- 
sette (24) in dem Halter aufgenommen ist, urn 
auf die Membran einen pneumatischen Druck 
auszuflben, urn FIQssigkeit in die Pumpenkam- 
mer (P1, P2) hineinzuziehen und FIQssigkeit 
aus der Pumpenkammer auszutreiben, und 
eine Referenzkammer (VS1, VS2) mit einem 
bekannten Volumen Vs, die in der Arbeitssta- 
tion angebracht ist und die mit dem Druckbeta- 
tigungsorgan in Verbindung steht, wobei die 
Referenzkammer (VS1, VS2), die Kassette 
(24) und das Druckbetatigungsorgan (PA1, 
PA2) den gleichen Temperaturbedingungen 
ausgesetzt sind, und 

eine FIOssigkeitsvolumen-MeBeinrichtung, die 
folgendes aufweist: eine erste Einrichtung zum 
. Ableiten einer Anfangsluftvolumenmessung 
(Vi) nach. dem AusOben eines pneumatischen 
Druckes, urn FIQssigkeit in die Kammer zu Zie- 
hen, und zwar mit folgenden Schritten 

(0 SchlieBen der Verbindung zwischen der 
Referenzkammer und dem Druckbetati- 
gungsorgan, urn die Referenzkammer bei 
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einem gemessenen Anfangsluftdruck 
(IPs1) zu initialisieren, wahrend ein 
gemessener Druck (IPd1) auf das Druck- 
betatigungsorgan ausgeQbt wird; 

(ii) anschlieBendes Offnen der Verbindung s 
zwischen der Referenzkammer und dem 
Druckbetatigungsorgan, urn einen Druck- 
ausgleich bei einem gemessenen neuen 
Luftdruck in dem Druckbetatigungsorgan 
(IPd2) und einem gemessenen neuen Luft- 10 
druck in der Referenzkammer (IPs2) zu 
ermflglichen, und 

(iii) anschlieBendes Ablerten der Luftvolu- 
menmessung (Vi) gemaB der fblgenden 
Gleichung: 15 

Vi = (IPs1 - IPs2) • Vst/(IPd2 - IPd1), 

und eine zweite Einrichtung, urn eine Endluft- 
volumenmessung Vf abzuleiten, nachdem der 20 
pneumatische Druck angelegt worden ist, urn 
FIQssigkeit aus der Pumpenkammer auszutrei- 
ben, und zwar mit folgenden Schritten 

(i) SchlieBen der Verbindung zwischen der 25 
Referenzkammer und dem Druckbetati- 
gungsorgan, urn die Referenzkammer bei 
einem gemessenen Luftdruck (FPs1) zu 
initialisieren, wahrend ein gemessener 
Druck auf das Druckbetatigungsorgan 30 
(FPd1) ausgeQbt wind; 
00 anschlieBendes Offnen der Verbindung 
zwischen der Referenzkammer und dem 
Druckbetatigungsorgan, urn einen Druck- 
ausgleich bei einem gemessenen neuen 35 
Luftdruck in dem Druckbetatigungsorgan 
(FPd2) .und. einem gemessenen neuen 
Luftdruck in der Referenzkammer (FPs2) 
zu ermOglichen, und 

(iii) anschlieBendes Ablerten der Luftvolu- 40 
menmessung Vf gemaB der fblgenden 
Gleichung: 

Vf = (FPs1 - FPs2) • Vs / (FPd2 - FPd1), 

45 

und eine dritte Einrichtung zum Ableiten einer 
Messung des FIQssigkeitsvolumens (Vd), das 
von der Pumpenkammer geliefert wird, und 
zwar gemaB der fblgenden Gleichung: 

50 

Vd = Vf-Vi. 

Vorrichtung nach Arspruch 1 p 

die eine Einrichtung aufweist urn einen Tern* 55 
peraturkorrekturfaktor (Ft) bei dem bekanrrten 
Volumen der Referenzkammer Vs anzuwen- 
den, urn ein temperaturmaBig korrigiertes 



Referenzvolumen Vst abzuleiten, und zwar 
gemaB der nachstehenden Beziehung: 

Vst = Ft • Vs . 

wobei die erste Einrichtung die FlOssigkeitsvo- 
lumenmessung Vi gemaB der folgenden Glei- 
chung ableitet: 

VI = (IPs1 - IPs2) • Vs /(IPd2 - IPd1), 

und wobei die zweite Einrichtung die FIQssig- 
keitsvolumenmessung Vf gemaB der nachste- 
henden Gleichung ableitet: 

Vf = (FPs1 - FPs2) • Vst / (FPd2 - FPd1). 

3. Vorrichtung nach Anspruch 2, 

wobei die Einrichtung zum Anwenden eines Tem- 
peraturkorrekturtaktors (Ft) eine erste Abtastein- 
richtung, urn die Temperatur in der 
Referenzkammer zu messen, und eine zweite 
Abtasteinnichtung aufweist, urn die Temperatur der 
Pumpenkammer zu messen, so daB die nachste- 
hende Beziehung gilt: 

Vt = Ct/Rt, 

wobei 

Ct = von der zwerten Abtasteinrichtung gemes- 
sene Temperatur in der Pumpenkammer, aus- 
gedrOckt in Grad Rankine Oder Kelvin, und 
Rt = von der ersten Abtasteinrichtung gemes- 
sene Temperatur in der Referenzkammer, aus- 
gedrOckt in den glelchen Einheiten wie Ct 

Revendlcations 

1. Disposittf da dialyse p6rrton6ale comprenant un 
m6canisme de pompage (P1, P2, 59, V1 a V10) 
af in de pomper un liquide de dialyse, et des moyens 
(26 a 36) destin6s k 6tablir une communication 
d'6coulemerrt entre le m6canisme de pompage et 
une cavrtt p6riton6ale de patient, 
caract6ris6 par: 

une cassette de distribution de liquide (24) 
comprenant le m6canisme de pompage, qui 
comporte une membrane (59) associ6e k une 
chambre de pompe (P1, P2), la cassette com- 
prenant des orifices d'entrte, de patient et de 
purge (27, 29, 35) et des moyens (V1, V3, V4, 
V8) pouvant 6tre commandos de manure k 
ouvrir un chemin de f luide (Ft, F6, F8) k partir 
de I'orrf ice d'entr6e (27), k travers la chambre 
de pompe (Pi, P2), vers flogfbe de patient 
(35), tout en bloquant r6coulement vers I'orrf Ice 
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de purge (29) et pouvant etre commands de 
mantere k ouvrir un trajet d'6coulement (F8. 
F6, F2) k partir de Torifice de patient, k travers 
ia chambre de pompe (P1 f P2), vers Torifice de 
purge (29), tout en bloquant T6coulement vers 5 
('orifice d'entree, 

un poste de commande pour la cassette com- 
prenant un support destine k recevoir la cas- 
sette (24), 

un actionneur k pression (PA1, PA2) monte k 10 
I'interieur du poste de commande et qui vient 
en contact sur la membrane (59) lorsque la 
cassette (24) est regue k Tinterieurdu support, 
af in d'apptiquer une pression pneumatique sur 
la membrane de mani&re k extraire du liquide 15 
dans la chambre de pompe (P1 , P2) et k expul- 
ser du liquide k partir de la chambre de pompe, 
et 

une chambre de reference (VS1. VS2) pr6sen- 
tant un volume connu V 8 mont6 k finterieur du 20 
poste de commande et en communication avec 
Tactionneur k pression, la chambre de refe- 
rence (VS1, VS2), la cassette (24) et Taction- 
neur k pression (PA1, PA2) 6tant soumis aux 
m§mes conditions de temperature, 25 
un dispositif de mesure de volume de liquide 
comprenant un premier moyen destine k 
deduire une mesure de volume d'air initial V; 
aprfcs transfert de la pression pneumatique de 
mani&re k extraire du liquide dans la chambre 30 
de pompe par 

(i) fermeture de la communication entre la 
chambre de reference et Tactionneur k 
pression afin d'initialiser la chambre de 35 
reference k une pression d'air initiate 
mesuree (IP e1 ) tout en transterant une 
pression mesuree vers Tactionneur k pres- 
sion (IP d1 ) ; 

00 puis ouverture de la communication 40 
entre la chambre de reference et Taction- 
neur k pression afin de permettre T6quili- 
brage de pression k une nouvelle pression 
d'air mesuree dans Tactionneur k pression 
(IP<j2) e * * une nouvelle pression d'air 45 
mesur6e dans la chambre de reference 
(IP 82 ). et 

(Hi) ensuite par deduction de la mesure de 
volume d'air Vj comme 

50 

suit: • 

V,= (IPcB-'Pdl) n 

un deuxidme moyen destine k d6duire une 
mesure de volume d'air final V, apr6s transfert 



de la pression pneumatique afin d'expulser le 
liquide k partir de la chambre de pompe par 

(0 fermeture de la communication entre la 
chambre de reference et Tactionneur k 
pression afin d'initialiser la chambre de 
reference k une pression d'air mesuree 
(FP 8l ) tout en transterant une pression 
mesur6e vers Tactionneur k pression 

(FP d i) : 

(ii) puis ouverture de la communication 
entre la chambre de reference et Taction- 
neur k pression afin de permettre T6quili- 
brage de pression k une nouvelle pression 
d'air mesuree dans Tactionneur k pression 
(FPd2) et k une nouvelle pression d'air 
mesuree dans la chambre de reference 
(FP 82 ). et 

(iii) ensuite par deduction de la mesure de 
volume d'air V ( comme suit: 

(FP t1 -FP«rv t 
V,= (FP^-FP^) 

et 

un troisi&me moyen destine k deduire une 
mesure de volume de liquide deiivre (V^ par la 
chambre de pompe comme suit: 

v d = v f -v, 

2. Dispositif selon la revendication 1. comprenant un 
moyen destine k appliquer un facteur de correction 
de temperature (FJ sur le volume connu de la 
chambre de reference (VJ afin d'en deduire un 
volume de reference conrige en fonction de la tem- 
perature (V 8t ), comme suit 

dans lequel le premier moyen d6duit la mesure de 
volume de liquide Vj comme suit: 

v CP .1 
,B (IPdz-"Pdi) 

et dans lequel le deuxidme moyen deduit la mesure 
de volume de liquide V f comme suit: 

V, (FPqi-FP^V^ . 
V,= (FP^-FP,,) 

3. Dispositif selon la revendication 2, dans lequel le 
moyen destine k appliquer un facteur de correction 

• de temperature (F^ comprend un premier moyen 



53 EP 0 659 092 B1 54 

de detection destine k detecter la temperature dans 
la chambre de reference et un second moyen de 
detection destine k detecter la temperature dans la 
chambre de pompe de telle sorte que: 

5 




ou: 10 

C t repr6sente la temperature detectee par le 
second moyen de detection dans la chambre 
de pompe (exprim6e en degres RanWne ou 
Kelvin), et is 
R t represents la temperature detectee par le 
premier moyen de detection dans la chambre 
de reference (exprim6e dans la m§me unite 
que CO- 
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